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Abstract 
"i^ S A Tthesis submitted In fulfUment of the requlrments for the degree of 
Doctor of Philosophy in Chemistry in the Faculty of Science of 




Ovalbtis^ dti I0 o x!m$9f protoia of egg ^it@ audi oontittoa 
a»6 C- terolnat roat^t»)8 hmo Itoeoi Idontifio^ to ttQ :i«»aeci(irla1ied 
nlyoiao Gfi«3 pjNillaot rospootlvolF* St oontoios di»o:it tlir©o per 
OQiit oiupljo!5S'«lrat0 tjSitoti Is ItiilsDd tarotisU t ts aspartyl ro©l<l*a®s» 
.*a ovdlbaolii prCTciratloa oaowliiQ sieo li-JEiogoooKi^  aaiKilly ostilbit© 
i^ barg© Ci0t@r<»jseao&^ duo to tlio r^oaonoo of turo© eau^om^atSf 
aemdlsri /L^ Ag m<i A^ ^1O!J GTO iaoneloal la gross aolooulor 
eorptiolofisr ^0 ixsaxm^lttft^iaml aotivii^ titit differ in pUospliat^ 
oontoutt %^f Ag oaa Ag oontein respectively two, oao aaa no 
^fiofiphato groir»8» O?ali>tioila iU i s Uio msilor fraotioa and fonas 
aijont «ovoaty fiv© per cent of tli© total* Avalla^lo a©ta oa 
Intrliislo vtsoodlt^t »@ooiid v l r lo l eoofflolocit imi frlotlcmal ratio 
anggoat that t!io natlvo ovolbuMlii 1@ eospaot mi^ globalar* Th@ 
tiatlvo oonfortaatloQ of ovAlbtiolii t& pertlalty disrupted by aoia 
(liolow T^t 3*5) m^ Heat (aliov® 90^)* Coneeatratod eolations of urea 
aii<1 gfifmldlne Itjmrooniorlde oaased sore esctoiislve tstfoldlng of ovel-
buiila* The prottoot of area enit gaaal<!lne hyUrooUlorlde dmiataratlon 
efioved aartced tenden^ of aggregatloa aad thoreforot the pro tela 
tr(in«tltloa showed United reversihillty* ^ioaeering researohee 
(111) 
oarrteA ent tn the laboratory of Kanaiisaiio in tlio oorlj^ t i t t les 
f>roiria«d iratoaiblo olnea to tito oooliaaisQ ot urea trntoldiog of 
ovalbimiii* Ooisevary <lue to tiio irroirorsiMli^ ot tlia transition^ 
thansodyae t^io ntvt^ ot area or @aaiiidiao ttgrOrooHloride deaataratioii 
of ovalbtusia oooia not bo itado* Fart!ier» ttm produoto ot oroa or 
gnaai^ino bjrdrooiilorido dmattirotioa ot oyalbttiaia «oro aot obarao^ 
torieod in ossontial aotatla* 
Unli&a orattitiiaiQt t^ @ gtsanidino ii/aroolilori^^ Oon^ttiratioo 
of oiralbii^n A^ wm totma to bo rovoraiblo tmaar a ^ariotr ot ooa^-
tloas ot pUf toEJ|iarat*jr@ mid giiisii^ao br<Jro©Mori<lo ooaoontratioa* 
As iadgoa W tlio ooiaoiiSmoo ot tronDitioQ ©oassaroil by tt^ o iado» 
poadeat prop^jrtioai i.o«t rodtiooS visoosity mx(k dittoroaoo speotra 
as vmll as br tlio t irst ordor ^aotloa ot ^o deaatoratioa oad 
raaatnratimi |)roooss» i t ^poara ^at tlio gtiaaidiaQ W^rtfohlovido 
iadtMsad Seaattiration ot ovatbuixio A^ involvos oaa otop* l^o product 
of gaaaidino bjrdirooiiloriae deaatoratioa ot ovalbaMa A^  n^poaro to 
bo aevoif! of aativa atrtHitara* Ftartbemorot ovali>tmiQ waa tovract to 
ba ittffolablo bolow 3 M gaeutiidiae li^ <3roeiii&ri€ia tfHaroaa ovalbtxsiia A. 
vaa aoltiDlo in ^0 ranno* 0*3 •• 7*0 ri gnaQidine !i|^ !rootilori^ &« 'tbaaa 
obsarvationa aaesind irarr aaooitragin^ aa4 protiq^ tod tts to |>artora 
arataiiatla atudiea oa tbo Icinatioa and tbanaodjrneiiioa &t goaniOiite 
hy^rooblorida induead daaaturatioa ot avalbuain A^^ 
From tha dapandaaoe ot tha aqiailibritia oonstant oa tbo taean 
ion aetivitsr ot guaaidino bydroohlorida^ i t waa poaaibio to ooaottiile 
that ovatbtatia h^ binda aboat t»0lTa nolaoalaa ot gaaaidioa bjrdro« 
(iv) 
chloride store tlmii f!i« native one* Thnm reeolte ao not perait 
naeqttivooal oftameteiteaei^Q of t^ o tylnding aites on t^o protein 
for t!!ui dennturimt* Umswfer$ i t Is poaaiblo t^at aromntio c^no 
i»ld resi^noe ^nrtioulartr t3«fosl»o9 ma^ offer !j|ns3iQ3 sitos* 
n]rti>af>otiitlo!i of tlio fi^ eo onargs^  oEimi^ e for ^o ovall>t3sslia A^ 4Qxm» 
tarAtlOQ to aero aotlvttsp of gaoniaiao tijraroetjioffldo ylol^iS t!ie 
free @asf®r e^ eniso* isfiioti I® oaeoatlally tiio fro© onorigr of s t ^ i -
llisotlon of tlio native protein oonformatlon In ai^ isootie £iolatloii| 
t%Q VQl«e was fotma to t>e 6 Seal aolo'** at 23**» S^ l© oacGOotoa ttm 
tiita native oonformatloa of ovolbtaolQ i*!^  to narclnolly ooro otaljlo 
tliaa t^ o ^^ snattEre^  one* 
•She giisaiaiao &s«3roo^ lorl<2o In^noo*! ^oaQtsratlop of ovalbu^lfi 
A* wao acasltlvo to p:x «id mo dooroaso in pn fiivoore<2 «iafoiaina# 
^0 pn <lop(«naonoo of tlio o<|tilllt>rltt@ oonstant for ^o gacsni^ ino 
!if€roo!iilorl<2© ^onattiretlon of evalbooln A^ oo^sosteiS tiiot oao oar-
boas^ l s»'otx|) |0 nopsallsiea dorlaa too trnfoiain^ prooose* 
Hie E f^loldlne tijrilroQtilorlde ln<lt»»e(3 tronaltlon rm& fa:?otire^ 
liy Ineroftse In tei^ioratnre* %proj)rlato oqaatloiis msre obtained &y 
the mtfioti of teaet s^ initree to desorlUe tlte obaorveS tesseratnre 
<!epf»a<lettee of egnlllbrltm oonetent for tHe <!enatttratlan of oval^ umlt^  
I 
.<i|« Vrrm tlie ^atft» I t van possible to oalonlato oiiangee In entUalpy^ t 
eatrOf>3r an<l lieat ei^aeltr oatased ^ ti&o nnfoMIng of ovcati^ i^ n A^ hf 
^^nanlillae HydroeUlorlde* £<llie ottier proteln^t t^e gaaaiaine &ydro« 
ohtoriae <lenatttratloa of ovalbaialn A^ shoved a large €ai<l poelUve 
ohange In tteat eapaeltri tHe cltange la beat of^ael^ mm abaat 
(v) 
St TOO «8l «ol«** '^ g""*« ^ 0 li«pg© voit® o« t&9 ebeago In ti««t 
of^aoltjr Has iMjeii interpreted in t«rai» of tft« uafmroarabl© 
eontfiottt of tuo by^ro^aobio mA^tim* vi^ivh were •Iiari0«» iasido 
til© native straottEroi to oqtiootia soln^nt* 
(vi ) 
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I ©ortlfy tliat v^ork proseated la ^ o iallovdas, 
t»Q308 has tiooa oorriod otst by faiacm /ii!aa<5» and tliat 
i t i s eultablo for the Gwaril of iHi.O. 6op,r©0 in 
ChocdotFy of tlio Allgia*!! /ujalta Jalvorsityi Allgar'a* 
'loader 0 
L*epfirtm9iit of Jiooiiomistry, 
iaTff^arlal JOIITU .loaical 
CollogOf 
Allgnrli iUBlifSi UnlTersitsr^ 
Aligarli, 
ABnmACS 
/Qvalhiiwiin io a major protein of egg fvtilte mi<& oontolas 
346 tmln<* mi& rostiCliios to a alnsto polfpoptl^o oboiii le^ liose i^ i* 
azta C« t o i ^ n e i resiaoos have boon laentif ioa to bo Kr<*aoe^latod 
glyotno tm& proliaof ros|>@otivel3r* I t oontains ebout three pw 
oont Qorbol^drato ^^lob i s llQl&od thro^h I t s aspartyl reol^uos*^ 
Aa ovcilbutalfi properatioa elioi?itig olaso ftooocsoolty uQually ojstilbtto 
obarge hotorosonel^ dluo to tbo prosonoo of throo ooaponeats, 
»oniQl7y 4^, A« mid A^  #iloh are Idontloal in groga oolooular 
taorp^olosjr cii<l ionitmotoslOQl ootlvlty bat differ in ptioaphato 
oontontf .\f A^ and A^  contola t^spootlveljr toro, oao ani<l no 
pbogpbato groups, Ovelbuctin A^ I s tbo me^or frnotlon aad forms 
tBibout soventy fliro per cent of tbo total* Available <3ata on 
Intr lnslo vlsoosltyt seoond v l r l a l ooefflolont and frlotlonal ra t io 
nnggest tbat tho native ovalbatssdln I s oompaot ^di globular* Cfbe 
native oonforaatlon of ovalbnraln la par t ia l ly disrupted by aold 
(below nH 3.8) end heat (above SO'''}. Concentrated solutions of area 
and ffuanldlnfl bydroohlorldo cauiod more e:irtenslve unfolding of oval-
biitfflln*; Tbe product of urea and gnanldlne bydrooblorlde donatoration 
ibowed marked tendency of aggregation and tberefore* tbe protein 
transit ion sboved llialted revers ib i l i ty , Floneerlng researobes 
( i l l ) 
oarrietf out in the laboratoiy of Kwizmmn in the earljr f l t t i o s 
provided valueMe claes to t!te moolianisBi of uroa unfolding of 
ovalbtiain* flotmvor, due to the i r revera ih i l i ty of tbe tran«pi tion* 
thomodjmajaio otn&y of urea or guanidine hjrdroobloride doaaturation 
of ovalbuialn oould not bo actsle* Purthor, the produots of uroa or 
guanidine liydrochlorid© donaturatlon of ovalbttsiin tjore not otiarao-
torisod in ossential details* 
UnllUo ovalbuoitt, tho guonidino bydrooiilorido denaturation 
of oval bacilli A. waa found to bo rover si bio under a v a r i e d of oondi<» 
tlonfj of pUf tooperature and guanidine bydrochiorlde ooaooatration. 
As Judged W tbe ooinoidenoe of transition ooasurod by two indo-
pendont propertioSf i.e** reduced viscosity ond differonoe spoctra 
as «eli as by tbe f i r s t order icinotios of the denaturation and 
ronaturatlon prooesst i t i^pears that tb© guanidine bydrocUloride 
induoed denaturation of ovalbuMn A^ involves one step, fbo product 
of i^umiidine hydrochloride denaturation of ovalbuoin A^ a|>poars to 
be devoid of native struoturo. Furthermore, ovalbuoin was found to 
be insoluble below a U gnanidine bydroohloride xshereas ovalbumin A^ 
was soluble in the range» 0.3 -* 7,0 :t guonidino hydrochloride* I&ese 
observations seemed very eneouraging and pros^tod us to perform 
systoBatio stu<lies on the Icinetios end thertsodynaziioa of guaaidine 
hyffroohlorido indtKied denaturation of ovalbuzsin A^* 
Prom the dependence of tho equilibrium ooaatant on the aean 
ion aotivlty of .^uanidine hydroehloride« i t was possible to conclude 
that ovalbnmin \, binds about ttielve molecules of ^uanidine hydro* 
(iv) 
ofilortdo more tUfm the nativo one« ThQ&e resu l t s do not {»ersiit 
tmeQuivooal otiaraot«rleatioii of tlie binding Qites on tiia protein 
for the donaturast* noirovor» i t i s possible tbat aromatio omiao 
aoid roniiflnos portioularly ts^roainos moy offer binding sitos* 
nxtrnpolation of ttio freo onorgsr oban<3;o for the ovalbuaaln A^ dena«* 
tnration to aero act ivi ty of Quonidiao liydroohlorldo yiolded tbo 
froo onorgy otrnngo^ wtilosi i s oaaontially tlio froo energy of stobi* 
liseatlon of tlio native protein oonforiaiation in aqi^ous solutioni 
ttio valao was found to b© 0 lioal aolo" a t 23**« 'EliiQ ouggostod ttiat 
ttio native oonfornatloa of ovalbtioiin A^ i s iiiargiaally nioro stable 
then tbo denatured one, 
/ifio earaildlno bydrocblorid© indneed denatnration of avalbaoin 
^^ was senoitivo to pn cmd the deorooso in p3 favoured unfoldina* 
Tho p f dependence of the oQutllbriaia oonstant for tae gu^aidtne 
bydrooblorido dcnattiratifm of ovalbmain 1^^ suggested tbnt one earbosyl 
zrotx!) i s noroaliaed daring t!ie unfolding prooos»» y 
fho sticffiildlne bydroehloride indtKied t rans! eion was favoured 
hy inorease in tesiperature* 4|)pro|»riate aquations wore obtained by 
the nettled of leas t squares to dosoribo tbe ob£^erved temperature 
dependence of equilibriuia oonstant for tbo denaturation of ovalbimin 
%.« From the data* i t T?eg possible to oaloulate eban^^es in entUalpyy 
entropy and beat oapaeity caused by tfie unfolding of ovalbumin A^ by 
js^nonidine liydroohloride* T i^ke other proteinSf tbe ^uanldine bydro-
obloride denaturation of ovalbuodln A^ sbowed a large and j,>ositive 
obaa^e in beat oapaeity} the ebaage in heat oapaeity was about 
(v) 
3, TOO oal mole <t«g • l?&© large value of t&o otiange la Heal 
o^Qoll^ has boon intorprotaa In toros of t!ie unfavoaroble oontaoto 
of the h r^drophohlo aoiotiee* tittloU o^oro 'burled* Inside the aatlve 
strttoture, to aqueous solvent*/ 
(vl) 
I &B &o0ply Inaobted to Or A, SoloHuddla for providing 
advloe» QuiOcao© and vofy obf&Hoa^los c®^ toowlodsoablo reseorob 
atrK>8filior®# 
I tm tn(l0l»todi to E*r0fo8sor I* Qiis?!n. UeaA i»S Wi& Depart* 
aeiit of Dioclioaietry, J«!l. ^io^ical ColloaOf for |>roviaing faoil i t ios* 
1 eca Gift^ *®^^ ! *« Professor \U iiohmm^ UQQI& of tlio 0ot»cirti39iit 
of C!i0oi8tr7» (m& to Org d*A«A« noidi aaa .'f* Isl<r3 of tUo Oopart-
j2K>iit of ciJoialQtsT for their holp. 
X am also indobted to a l l in^  oolieo^uos prosoatly i a tlio 
Ifttoomtorv as well as to Dr iVftat) A, ^asori aaa :ir Arif ilafi who 
have Joined otlior laboratories auring m stog^ a l l of titioa eagerly 
offered their time and adviee« 
X thnnic the Counoil of Soieatifie and Industrial llesoaroU 
(Tndia) for finmioial assietance* 
(T i i ) 
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Tn-^ n f^onYmnc IFJOIUS or mii mnixwiiAno-j us* OVALBUSX.^  
I* wmowQnon 
(TntoXhumin n^iiob I s synttiasizod In oviduol oooprlses aliout 
t&ree-flft!i0 of tUo total protoias of ogg vihite (l)« I t was f i r s t 
cit)toliiod[ in oiTstQllitio form W Oofaaistoi* {3), mid want neusod 
ovalbQiaiii hy Oabora and Catapboll (3)» I t ooataias a l l tbo osaon* 
t i a l aeino nol^B* Ttio tii^h ooatent of lysino and laothioaioo ea^o^i 
i t ofitrltioitollsi' inportcnt jptrotoio. Sois^ {irotoiiid t7tiioh are dievoi<i 
of a»y blolo^iosl ffinotlon in the nati^tre forta^ aoquir® oatGlytio 
fnaotion oa a0nat«ratioii« Mativo ovalbuolo doos not possoss any 
eaitalytie ftmotion (4)* tlowover» on tieot aenaturation i t i s able 
to catalyse tho deoosiposition of tiydrosea perosiOo (3)« I t i s a 
glyooprotolii, Tho oarbohydrato taoioties are litileedi witl* tiio pro tola 
notypeptida ohaia tbroa^h i t s aapartyl residue (0) , i'ho oarbo-
tiydrato units fiavo been idaatifiad to bo M-aofatylgluoosamino (S) 
and najanoBQ (7)« Aecording to the rooont data (3)9 4 tmits of :?«-
Aoatylglfieosasiina ara linkad aitti tha aspartyl residua and S unita 
of aannoao are linkad to c^ of M-aoatylsIucoaafflino unit* mua> tha 
nolysannoayt imit of ovalbtisin i s associated «rith tbo dia ta l end 
of tb® '^-aoetytgluoosmina imit* 
Seyerat linos of avidanoe suggest tbat oyalbnmin consists 
of sin^lo poljmsptida chain aHosa 37* and C- tertainal rasidaas are 
3 
r«sp«K>tlir«ly *4*acetylglyoiiio (0) aafi firoline (O). AltbougH tho 
aBttno aeiA oota^oal tiona ef ovalboratii obtadnod from ditferont 
90Qree8 vary a l i t t l e Mt« the variations are generally toe small 
to be of nny experiiaental signifioanoe* fbe Qoet recent data on 
Bminn aeld eoit^oeitioii of ehiettoo ovalt>it@ia are susnaarizea in 
Table 1. fftero cure Tl aspartyt and glutei^l residues per 43^000 
graia r»rot^lo| the nuabor of aside Qtoap i s 30 • i (il,»ia>« f&as, 
tbo ^ - m& V • earbosyl group® are 41* fiio nusber of iustidiae» 
lysine ana argtnine resiiliiee are 6f 10 and idp respootlvely* These 
fin<3in;^s are in ;*ooa agreesaent with those reported ear l i e r by 
Cannan ej; |)tl,» (13).. Ovalbamln oentaioB tyrosine residuosf bat none 
of tliem aro available for t i t r a t ion (13,14) or aoeeseiblo to 
obemieal reagents (i^fi®)* Aeooraing to ifeintraab and soSilanowite 
(10) tbero are 8 balf-<^«tino reslduea* Jlouever, i t has recently 
been nhavm tbat ovalbniain eoatains 1 oystino and 4 oystoine 
residues (iT,i8) ^ i e b ^sould give a value of 0 for balf•eyetine 
reaidiiee. Ovalbnmin omitains id pbonylalaninot 3 tryptopbon and 
14 Rotbioaine residoei* the phoapltate group seeisa to be linlkod 
with the serine reaidues of tbe protein (10)» Tbe aiaino aoid 
8eqti#aoe of ovalboain baa not been worked oat ao far* fbo par t ia l 
^ terminal aeqtienoe of ovalbuaiin as deduced from tbe data of 
mowtaon a i iii* (20), Hilateln (21), otteaen (23), and attesen 
and "ollonbarger (33) i s a*ven in Figui^ i« One of the strllElng 
features of the par t ia l aequenoe of 34 ^ i n o aeid reaiduea i s tbat 
the polypeptide i s devoid of tyrosine residues* 
Crystalline evalbaain i s booKigeneous in ultraoentrlfuge (34) 
TAOLG I 
Nlim ACIR COMPOSITION OF 0VAt9U:^ «N* 
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3 0 + 1 
fotal ^46 
d 
PatA talron froa reforonoe 10 
noferonee 11 
fJeforottoo 13 
Ttio trat 1109 Itava i^en rocmdo<t off to i^e noareat tvttolo nualier 
and on f^ ophadex oolctaii (23)« Uovovdr, the proparatioti atiowvd 
chnrftt hotero^enolty as Judgod by i t s be&aviour in ( i ) Cl^oelluloae 
ooltmn (39)t ( i i ) starolt gel elootro^horeslo (ST}^ and ( H i ) poly-
eorylnmld© gel olfjetronhoresia (23)» Three oorapoaenta of ovalttuniiit 
nf»'3ely, Aj, 4g and Ag had boon idcntifiod tTfiich differed in phos* 
Dhate oontantf the oompononte A^ i^ A^ (Uid il» aontaiQed t^o« one and 
zero p!ioj9ph.it9 groiws rospoctivoiy (39,20)» Ovclbiimin .\» idiioh 
ia the oi^jor oostponoot acy give r i se to A^  and A^ by tlie progres* 
aive loss of phosphate groiip (30), fhe three oojajjoneatQ are ieimu« 
nolo-^loolly ladlstingaiehablo (33»3i)t end have booa shoon to 
possess the ©aae hydrodynaEiio behaviour (23). Apart froa the 
phosphate content* a given ovolbnain preparation soy have different 
genetic varlcBEits* ThiiSt Cisoaan £ t ^ » (33) hove recently reoog-
nieed tt?o gene t ie voriontst nmiely» typos A and n difforins oanly 
in one onino acid reslduei one nspara3lno residue in type A i s 
replaced by a«i»arti© aoid in type B, 
fbo noleoular treight of ovalbuiaini as sioasnred by different 
physlco-ohoiaioal procedurest has been reported in the range 40 -
46»000 (33-39)f the most representative value bein^ 43t000 (14), 
HiA in t r ins ic viscosity of ovalbu^n has been reported in 
the rtmse 4,0 - 4 , 3 oo/g (39H13), Other physieo-Hehemical para-
meters are l is ted in Table XI. mus, the data of Table I I suggest 
that the native ovalbumin i s a globular and compact uoleoule. I t 
contains about 39^ <<«helix and 37-^  ^ -structure (49), l^e 
in t r ins ic viscosity of Oral \^ deteriained as a part of this study 
















































































































































wft» 3,9 ce/g wbioli 1« ooi^arable to tliat roportea tor ovalHutsiii, 
Further^ the elutloa botiavtoitrs of ovalbuiiifi and o^ tral A^  on Septiadaar 
ontaini uero fomtdi to bo oaraotly idontioal, 'I%i090 faots stronslF 
«ngg@«rt that tfto groas QOlooular otorpliologi' of Oval A^ i s aitallar 
to thot of ovalbttialfi* 
Hio oatlvo ooaforaattoa of ovalbomia aoosia to t^ aoaaitiva 
to pTi at lotst»r p'^ valuosc Wowovor, tbaro i s ooatrovorsy about ttio 
pH for ttio onset of aoi« aoaotwratton of ovalbujoia,, Aocordlag to 
Utill and Srooso (HO)^ tho pn tor the onset of aoaaturatioa i s about 
3«0 tfbiot} WQ8 ooafinaod lator by Ottoaoa audi Waileirllc (®i)* ITang 
and Foater (32) found that tlio optioal rotation of ovaibuoda rosiaina 
onclifiiisoa on loworing tbo pn to 5»0, strilciaslyi Qlmmr ^ j l , (53) 
noticed no otiaago ia abisorption apootra of ovalboaia ia tbo pd 
rang© S • O* t igb t abaor^tioa study of mB&ti of tliia laboratory 
(54)t ttotfO'Tori indicated dofiaita obaoga ia optioal propertios of 
ovalbttpsin whoa pn was lowered below 3»0* Hi© reduoed viaooaity of 
Oval A. did not ohaage 00 deereaaiag tUe pU from 7*0 to 3«5« 
PnrtbQT deoreaae io pii bole® 3*5 produoed 3,S-fald inoreaae la 
redncod viattsoaity of tbe protela a t pO i.O auggeatiag; aa appreoiable 
ooafomatioaal ehtmg& aaaaod by acid, 
"Hiat ovalbumin trndergoos tberaal deaaturatioa at lover pil 
valnoftf i« sttpported by several obaervatioaa reported ear l i e r , fbu8» 
heating of ovalbunin aolutloa of pll 3.0 a t 55** for 90 miautea 
prodnoed OS^ denaturation (55)* Oval A^  i a phospbate buffert pH 
7*0, ionio strength O.lSy i s realatant to heat up to 50^, aa Jndged 
c 
«nY«JICAT* P.lRA?4G1!3nS OP f!3E STATIVC ^Q D3NArJBS0 OVALmtiUi 
< — m — w in iir mi»mmmmmmmmmmmmmmmmmt0m»mmmmmmmmmmm»mmimmmmmtmmmmmmmim»mmmmmmmmmimmmmmmi^^ n our n 
o o o a i t t o a *• ^ - ^ ' l o o '^ aO^w ^ ' S °o % 
»7fttiV0 4»0-4«3^"^ 7»3T 3,5-3»0 1 ,10-1,30 -170® -143** 
0 »i G«a,IfCl,33® 31»0 ' T,S4 - - -044® • 19® 
0 fi Gfln.nci p l a s 34 ,3* - 3 ,18* - -340® • 33® 
(5-iaoreaptootfeiBiol, 
33®, 




THo valtt® of tlj^j^f a^ anfl b^ fforo t«^Q» from roforeaoe 44 > 
and those of f / t ^ wsr© takoo f r o a reforonoo 40, 4S-47, 
***f!©f«reno©s 30-43, RoforQnoo 44, * Ii0f«reiio6 48, 
0 
W vi9ooslty e«iAsurt8ieiit8| laorQase la l;®aporatur# t»o)road 50^ 
oaased therttal deaaturQtioii* I t i s to 1&0 noted wltti lo teras t 
that the thermal <}enaturatioa of OvolDtMln hos boon roooatly shomi 
by noyer (30) to follow f i r s t ordor Kiaotlos* Hativo oonformatioa 
of oiraibuQia is altorod si^nifiecmtlsr by orgenio aoidia aaoh aa 
fat ty aoi4a$ tlio offootivity inoroaso© tslth tbo ebslB loogtb (30)» 
Tho oatloalo detorgonts auoli as <2o(3ooyldi®o«»ylb©asqrl-oa©oaiiii3 
ettloridot dodooyltrimottiyt and diodooyl-aissioniuia ohlorldoi and 
aootyl<li£iotTiyl;^li@nyl««^t!^lamaoDlain broQi,do» danatared oyalbtualn 
rajjidly at rooa totaporataro (97)• Oowovor, tfto ^rodaots of saoh 
doaatarattoa ar© aaaally agsrosotos and hoaoa aould not bo nniquoly 
cbaraotori^od, Hooont aVMloa on area doaataration baro rovoaled 
that moot protoiaa osriat aa randoo ooils in 8 * 10 >J. urea (SSyiiO), 
^valbtiBiin cBidargoo® ©staosly© denaturation in Q,Q tl area (60), 
•Rie aativa oyalbamin i s bowovery rosiatoat to i • 6 £1 uroa a t 30** 
(01 )• Prenadroff ^ jsi# (03) bavo laoaaurod tb© intr iaolc visooslty 
of o^albania in 10 H, f»0 t*0 naintatnod by pbospbata baffar and 
foand a vatna of 34 oo/g at 25^, I t aboald bo noted tbat tbe 
tendanoy of aggragation of ovalbaiain in 10 'd area i s vary pronounaedy 
and therefore^ i t seoaa likoty tbat tita irolo® of in t r inaio visoosity 
eieasurad by Trensdroff §X Sl>» ropreaents an overastinatlon, 
i<fgrefatlon of tbe danaturad ovalbuttin i s oonaidarably reduced at 
lower ptlft Tlia i a t r i a s lo trisooslty of ovalbaoiin in 0 lA urea plus 
^«-nteroaatoathanol (pfl 3»0y ionio s traastb 0.19) was doteradlaad to 
be 29«3 oe/g (43) n^lob in ivbat one eboitld bava axpoetad fro» tba 
eoplrioal «quation of {ifipanjo (5d) for l inear ronAonly coiled 
proteiim* Iti^ ttrea dlenatiirattoii of oralbuotftQ was o^toaitivoli' 
iRiro8tir;atod by SiiSTtaon and Kaiissacsim (03) «^ Q found lisilted re<» 
naturatlom of ovalbanin provlottsly donaturod by aroo aiid@r dlffdreafc 
eonditions of ted^oratarOi prosptiro and plU TJioy iionoladod tJiat 
tbo isroa denaturatloa of ovalbtuotn Inxrolvos laora tHoo on© stop 
* aador varloos ©oodttioas of toc:^eraturot pti cmd {irosaurot aad tbat 
tt)e protetn doksataratloa ini^olvas uafoldtng followed by asgregatioa« 
\ Presumably I t la tbo l a t t e r wUtob makoa ttie urea dotiataratioa pre-» 
; doDinently on trroveretble proooast Proo tlio Isinetio studies of 
I tiroa donatnratioQ of oiralouoiii Suzu&l (04) taraa ablo to detersiloe 
tbo vartona par^setera saob as ontbalpy aad boat oapaa i^ ohmiso 
for ttie aotlvatton nroeeaa* fbo beat oapa^ity otiange for t&e aoti-^ 
vatloa of the native ovalbusala sioleouto to tbe activated state sea 
found to bo indopendent of tenderatturoy and was 2,000 ool ©ole dog • 
llstp<ion and FCatizeann (63) determined a value of i |30a ool jaolo* dog 
frora their klnetio retiults on area denaturatlon of ovalbuBdn. Con-* 
sldertn<:; ttio inherent unoertalnty in the deterioinatlon of beat 
oftpaolty Gbanse from kinetic or equilibriua r e su l t s , tbo two values 
for the beat oapaoity obange are In good aggreeaent* fbo obange 
in heat capacity for Qdn.MCl denaturatlon of Oval A^  as determined 
in tbis sttidy was about 401 bigher than tbo change in heat eaq^acity 
for activation deduced from iclnetlo data on urea denaturatlon of 
the irhole ovalboaila (63,04)« I t should bo noted that the denatured 
taka-a^ylase A has considerably higher heat oi^aolty then the 
activated nroteia (65)• This I s understandable because the exposure 
i? 
of hyaronhobio groups €im to protein tmfoldlng trould t>o iaoos^lete 
tn the ii«tivate<! state* 
Frotolfis gomiteHly lose a l l tho @l0meats of tl>0lr aative 
oonfonaation ta 0 M Gaa.OCl (63-70}, ilolt aad CreatU (44) haire 
roeaatty datarislnod tlia l a t r t a s io visooaity of ovatbuMn in 0 ^ 
Gdn.raci ta abaeaoa ana proaoooa o£ ^ naoraaptoo ttiono11 laidi tho 
rospootlva valaas of t a t r t aa io visooBlijr mutm at aaiS M,Q oo/g. 
J. 
r^apanjo ( t l ) ha^ glioma t&iat ovattiasiin babavas as a raadomly ooiled 
protaia la 4»S ri gaaaiaioittak t&looFanata a t 29^» tlio i a t r i a s lo 
viscosity W&9 30,3 co/g, Tlia Ia t r ias lo vlsooalty of oval A. ia 
0 'I G<la«TtCl ooatalning (3 HSM r^oaptoottKuiol a t 33** tyas jaoasoroa to 
ho 31 ae/g« Hila hy Ijapltoatloa waalcJ laaaa ttiat Oiral A^ . Dabav^ aa 
as a randoii oolt in Q 'i Gda«llCl« 
ThQ tclaetlos of Gda.flCl daaaturatioa of ovolbuGiia was 
studied hy f^ohaltraaa j|rt M* C^^K '^^^ laportaat aoaclualaas of 
tbalr stadias are that 6da« TCI denataratloa of ovalbumla i s siotilar 
to tha area dieaaturatlon eoidi inrotves tmnvi than ana stept aad that 
the denatured protein does not ranatura below 2 %l Qdn.UCt* iieoantlsr 
^lolt and Creeth (44) have aloo reported limited revers ib i l i ty of 
Oda.wci denaturatioR of ovalbmaln* Our prallmineury studies with 
tihota oralbtmln oonflroed the l a s t oonolasion (T3)» 
From n^at has been desorlbed above» I t fallows that the 
native conformation of ovalbiintin i s sensitive ta the vrell teio«n . 
pertttrbants such as aoldt heat» area and Gdn,nct» and that none of 
these denat strati one have bean treated «}uantltatlvoly so fa r . 
i I 
Thermo^ynattlo fmalrsls ot ttio data hitberto o!>taiiied on ttie <1OIIQ« 
ttiratlfift of OfveiklbtiMii» has not Deon foasiblo primarily booaasa the 
l>rotela unfolding was fotmd to exhibit very iisiitod reversibil i ty* 
Tho denatarad protaia sbovrad tsiarlcad tendency of Q{|grogotlon whiob 
siado the iater^retat ion ttnoertoia* The produot o£ doaaturation 
aotild not boi Qharaotorissad in torna of wall dafiaod ptiysiao-abeiaioal. 
parnraatorQ* Ftirthoraoro, tho avalbtnain preparations aaod in oar i iar 
studios tsor© of doubtful puri ty. Cvoa if ovalbumin praparatioa i s 
horao'sonooua tjitb rospoat to aiaot i t does ooatoin a t leas t throe 
different fraotioaot A,, /u and A ,^ I t i s poaaiblo that the throe 
eonponanta aay adopt different path^-oy® for tho unfoldiac* This 
woald ®a?i:o tho f i r a t order Iciaotio plot for ovalbaain doaaturation 
aon«liaoar aa has boon aotaally oboorrad for aroa and Gdn.iici do-
natarattoa of ovalbumin* This aapoot of tho jiroijlota will bo invaa-
tigated la this laboratory la tho near faturo* 
Contrary to tho behaviour of ovalbumin» tho Gdn*ilGl done-
turation of Oval A^  waa foaad to be ooopletely reversible uador a 
variety of oondltionn of Odn.ltCl ooaoontration» pil and t03a|>eraturo» 
Pr^n tho nature of tho aoinoidenoa of tho tranalt loas eteasurod by 
two iadepondont propertieat i«e*» radaoed visooaity and differenoo 
apeetrat aa ipoll as from the Iiinetio resul tg , the transit ion of 
<ival \^ appear«t to involve one step* Ihe product of Gdn»B&l dene« 
turation of Oval .\ did not shotr any da tea table aggregation and vaa 
devoid of any tton«-eovalent s t ructara . Intoreatln^ly we noticed that 
the whole ovalbanln la Insoluble below 2 M 6dn«HCl, whereaa, oval A. 
waa aoluble throughout the entire range of tho danaturant otmoea-
I 3 
t r a i l on (0,3 • T,0 ^l). In view of ttiosQ interaating iUkdia^B w» 
thofs^lit I t worthtjitiilo to porfona G^gieaatio studlios on tlie Odii*£lCl 
denatruratltin of Oval A^^ r»uoh sttidies trotiia b© essential ior a 
pronor an<!orstQjidlng of the ttiermodiyitaistio e tab l l l ty of one of tHe 
most Important protelnsof egg w&tlto under native oondttiona* 
r«rt!j0r| the ttioroodynaaAo paromotera for t&o Gdn.llCl Indtxeea 
oonforoatlonal trcaasltloa will bopofully provide valuaMo la for -
faation® regarding the nattjro of different oon-eovaleat loterootlans 
'^ ieh 9tat>ltizo ttio native protein oonforraatlan* 
I I , cxPsni'saiiTAi* 
A. ' ia tor tals 
U ^renoration of ngq; ;;iit to Oval Aj^« 
Oiyalbuiain usotS la tijoso otuilios was Isolated from egg mtt® 
Qcoordln': to tho raottjofl of iCo&iloIs aad Caanen (T4). Ta.9 aoaUrono 
of o(5s 1^1 to, soparatodi fruo frosli O§G8I ^^^S ruptared by tl»o holp 
of n tsoao^^onlEor (frottitaf, was avoiGod), To tiJla ttoaoi^oaatoi was 
addc(3 oq'ial voltnao of 30<1 (w/v)* sodlao Qulphato solution gradually 
nnd with ootttlnuouB s t l r r l a c , Ttils cilsturo was &opt for 2 Eioups 
tn order to preolpltato out globulins* TUQ alsturo was ooatrlfugod, 
and tlio rodiai«ih-yellow coloured f i l t r a t e t^as aoporatod from tao 
preolol ta te . To t!ie f i l t r a t e* vras added 0*2 J sulptrarlo aolU to 
bring the pH to 4,9, and tbeti solid sodluia sulphate was added viith 
eontlnuons stirring, t i l l precipi tate began to be formed* SoUlum 
sulnbatot If In exoessf vas reeaoved by deomitatloa* The mixture was 
kopt for 19 iioturs at roota tes?»eraturo. llie precipi ta te (erude 
ovalbuiiln) was separated by eontrlfttgatloa and dissolved la water* 
iigalti sodltM sulphate crystals were added to the solution with 
• T!»6 oonoentratlons will t!iroiighoat be expressed In gra® solute/ 
100 «l solution (w/v>» unless otherwise stated* 
i 3 
oontinuoua s t i r r l n s t i l l tho preoijiitate of ovalbtistin atorted 
deirolopln'»», and tho otarturo mm allowed to stand for i& tiours, me 
oiT^'talllsfod ovalbuaiQ was separated froci I t s f i l t r a t e tuy oezitri* 
fagatlo!}« fiiQ prooosa of roorystat t ieat ioa was ropoatod 4 tiaos 
and tiio floal prQ0ipitat& of oval^aalQ oontaiQiag s a l t was driod io 
a vaontm dosiooator* 
&t3 ©lioxsa ia Flgnro 3^t^o ooataotnatton of ovalt)uoia tsltu 
othor ogg is^itQ protolas was ehoolcod on C!l«oollat03o oolu3i ohrosaa-* 
togrofjtijr aooordlns to ttio cjotUod of aiiodos ^ fgl, (2S)* 
noatlnolyp ovollranla preparation ^ t^iieh W&B oattoaoivoly 
dIalFeod agoiast water was et l r red goatly for aliout 30 olntitoa witti 
criooelluloao (appro^imatelsr 8 gras® adsortiaiit per groD protolo)* 
xfaioh was preirionolsr equilibrated xsiith aisoonluia aootato buffert pll 
4*0, toaio etroQ.f t^b 0,023» 'Vho suepeaelon was f i l te red and tiie 
i^sidtio was wasbod vAth ^tmoaltm aeetate baffori pH 4*3« lonlo 
streagtb 0*0^,» on a Bnotoer ftmaelft Oval H^ was tbon olutod by 
treating CM-oelluloso containing protein wltb anaoniusi aootato buffer, 
p^ 4 ,6 , ionio etrenstb 0*0:^, fhie saspenslon was f i l t e red and tbe 
f i l t r a t e tme eoaoentrated* 
2, Pro^elna. 
Panereatlo ribonnelease, fype Xt*A| bovine aerusi albumin. 
Type F} and egg nhite Israosyse wore pnrobased from Sigma Cbeiiioal 
Conpany (tr«a,4,). Salt free agroglobln (orystall ised aad lyopbilized) 
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PiguTA 3« Ca]n>ox)r«ettirl*-C0llulo«e Coluon Chroaatogri^ liSP 
of Oirallitiviii I«olattt4 froa Egg White* Eipertnoatal eoadttioitti 
tao ttg of 9 jr ory^tftlllMtf oraltiiaiiiii in 3CX) nl «BMH»iit» ao«i«t« 
( 3 . i X i« cs) «i« elut«« in iO nl freeUond lyith a flow rata af 
T5 nt/hr vitti the thraa aanonium aoetato Unffora aUomi bjr arrona* 
i7 
9liiog«n A aad pepsiitogait iroro from r/ortttingtmi Oloolioraioal Corpora** 
tlo» iv,ruA^)mid Mtttritlonal Oioohoraieal Corporation (U«S,A«)^ 
rospoetlvoly, Ljroptilllsed proparatlon of popaln istiioh gavo a single 
liana on i^oljraerrlaisiido gel olootrophorosis (75)|» was fi^oa v*p. OH oat 
Ins t i tu te I Bellii. 
3« Gwanidigo nydroohJoriact^ 
Ottmiidino bydro&tilorido {6<la»l€l) naocS in ttioso atuiSiod was 
oitbor otstoined froa} Nutritional BioohooioQl Corporationt U.i*A«, 
or i t urns prepared frosi gtianidiniuo onrbonato aooor€la§ to t&o 
laothod ossantlatly duo to r^ oEa»ii «ad Tonford (T0)» 
TtiQ oomnoroiol SGE^IO of Gdn«HCl viua purltioil tietoro aso* 
ftio ptirlfioation nroooduro Involved washing of t&o sojaglo y^th oold 
digti l lod aootoao on a Buohnor lfannol« Aootono troatod Odn.UCl was 
disBOlved in a <3inirauEi voltmo of d i s t i l l ed ot^aaol oontaining moti-
vated obarooal at 40^^ end was f i l te red . The f i l tered aolation iiras 
leapt in oold for orfstal l igation* Eoorystalliised Qdn.UCl, separated 
from taother liQuort was diaaolved in warm water a t 40'» to get satn* 
rated «(Olntion« This aolrition vas again kopt in ooldy md e r r s t a l s 
of (rdn«HCl He re f9oparated and dried by blowing hot air* 
Preparation of Gdn.nci froa guanidiaiuBi carbonate involved 
the following prooedure. About 500 groas of guanidiniixia oarbonatet 
tmahed with d i s t i l l ed aoetonef was dissolved in i l i t r e of water 
a t 40**, The soltttion was treated with aotivated ohareoal» and was 
f i l te red . To the aqueous solution of gunnidinina earbonatoi was 
added 1.8 I t t r o ot d i s t l l lod &mmolp and the aixtaro was U&pt 
wramif^t in oold before i t was f i l te red . The oxyatalllne petdder of 
j^Ttentdinium carbonate tras ooiieoted on a Bueimer fttfuiel aad T^ OS 
rtneod tdth 50^ (v/v) ohlllod ottionol-^water edsture and ^©a tiitti 
et^anot. Tho yield was BB% 
A slurry oontainins ^^^ grans of orystalliiaod Qitanidiniue 
earbona&e imd 330 ml of d i s t i l l ed tmtor ^as ooolod fsritli ioe« fo 
tbie t7as added 30^oonstant boilin^j; byOrooHlorio aoid ^sltb ooati*** 
aootto s t i r r ing t i l l pH booaiio 4»0, I t was allotted to et^id ovor"* 
al^bt end tbe pn readjusted to p'J 4,0» A portion of ti»io {sy|:s;taro 
xmB flasli-Ksvc^oroted a t 4.0** tuttil oryetal l isat ioa eot in* I t ^as 
stored Sa eold and tao orystollino aaas G-BS f i l t e red , ro tHe aotaor 
ll^ttort was added ttjo Odn.tlCl solution of pii 4*0 and trao flaeb* 
Qi^aporated oat i l orystal l lzat ion started* 1?!ii8 prooodur© WQB repeated 
unt i l 330 craras of i;!ianidine bydroobloride was obtained. l*inally» 
eryetals of Gdn.lICl fsere rooryetallized from water* A OOtS of Cdn.llCl 
aqneoaa soltition was prepared c®d flasU-Hovoporated a t 40**» *S^ e flasU-* 
evaporated iilTtaro was Icopt in eold and tbe reoryetallissed 0dn*UOl 
was eolleoted and dried in vaounsi desiooator. The laelting point was 
eheolced and was found to be in toe expooted range i95-i36**| reported 
value l ien in the range i8T»t88" (TT)* A 0 <M Gdn.UGl solution bad an 
ab«}orbanoe less tban 0*13 at 323 nta* 
Urea obtained frota BDH (India) was reorystall isod twice froia 
1" 
50«? Cv/v) etiiaaol'-water alactore a t 40**, fii© purified ur«a was 
dried by blowlns hot a i r . 
®« Hyar&ehlorio ^14> 
A oottstmit boiling iiyarootilorio ©old was i>nsparoa aoeordttig 
to th© sjotbot of l?o«l& aaa i iol l laoswir^ (ts)« Amlytloal re t rea t 
^ado fegrdrochlorlo aold obtainoft from 81® (ladia) was dittil^d to 
©poolfie a^ravltF of c^aut Ut W the aSditloa of d i s t i l iod water. 
ftio ciiKtar© was d ia t l l lod a t a ra te of 8-iO ol |i©r Qlatit©# Miout 
70^ 1 of ttto origioal voloa® was d ls t i l lod and diaoardodt ciid tttQ 
aost IS^I d lo t i l l a to ooasiatlng of ooastaat bollioG asrdroehlorlo uoid 
was oollootad, flio protsar© waa rooordod hy Portia»a baroootor a t 
tfio bogiaiag as t ^ l l as a t ttio oad of d ia t i l la t i^ t i « d wm 7d3«7i 
{sid 74i«40 nui reapeotivaly, l^io conoaatration of ooastaat l>oiliag 
liydroolitorio aoid oorraoiioadiag to tlia i^aa valaa of a proaaaro of 
74O«0@ im was read fron tlio i^lot bol^ooa t^o tpeiglit of d i s t i t l a t a 
ooatalning i »ole of fio^'droohtorio aoid aad atii08|»liorio praaatire 
triiio!i ima obtaiaod fron the data of Poalls and iloillagawortli, 
0# fon*€3cehaiigara* 
Carb03eyiiethyI«oellal08e vas puroliaaad from CalbiQabam, Loa 
Angalo»« TJ,»,A. Th© ion->a3robaag0 rasinst Oowaar 50f-J£8 (ZO-^O aaati) 
in soditifBi form and Dovax ilT-IB (20*40 saab) in obloride forny tvera 
obtainad fro« J,T« Oakar Cbentieal Uoiapany (iJ*a«A,)« fha anion 
earobwiga raalna in bydrostyl «nd aoatata oyolas vara proparad froa 
Poxmx iW*X9f iriierofluii the resins in hydrogea daa a@mottiiuB oyoles 
wore obtained trom X^omx 30W-'{3« *Ri0 deiooised i>rotoiii solution 
^ms obtalno<S hy paisslng tlie oxtensliroljr dlalyse^ protein solntlon 
thron/rh a mlared bod ooiui^i, prepared aeeordlng to ii lntsls (79). 
7» Other ric|tteriiiifl« 
l^laljrsor tubings md Gdlllpore f i l t e r s lii&iP O&aoo (poro siee 
0»43 aloron) tsor© otntainod respootiVQljf from Arttitir ftiooas Coispaayt 
P^tiiladolphidi CJ,S,A»f ®ad i l l l l ipoi^ Corporationi iJ,a,A# (J-CJerec^to* 
otfioaol -^8 from Slc»3<i Chocdoal CQt3p&ay$ 0»3»A» l^otaasittiii byarogoa 
ptitholato Q9 well oe sodlura totral>orat0» puro&asod £roQ 8»0«Ui, ( ina in) , 
wore f i r s t roorji'stalliflod and t&on usod for properatlon of tJio stna* 
dard buffer. Oisti l lod e^etono sad otHoaol woro nsod* ottior 
ohomioQls i?i!iio!i ^mre of reagent grade tvere aootlo €ioid| cu3£ioniui3 
aoetate» orasioalcffli ofiloride, barium liydrojddei brotainot oopper au l -
tibatot disoiliua bydrogen pbtbolato* l l t b i a s sal^?batQ| pboapborie aold^ 
potftssium ohlorido« soditm aoetate, ooditna ozidOf soditaa bioarbonatSf 
so4itn oarbonatet sodlan oblorldei aodiuai dibydrogen pbospbatst 
soditm bjrdroiridet sodiwm molybdatot sodioo potaasiara tartratop 
sofUttm sulpbate and sodioa tungstato. 
All glass double d i s t i l l ed wator was used tbrougbotit these 
stadies* 
B4 Uothods 
1« D<^tenatnatloQ of Protein CmioeatraUon* 
(a) I)ry tmtp^ht matHod. 
Par a l t pratainsf as^ept lysow^m amd papaiat rolativol}' 
oonoenerateil oquooas aalationa waro proparadf tshtou mira estea* 
slvalr aialysad agaiast savaral ohansas of water in eal<l| aaoH 
aftor an totonral of aboat licitf an tioor. ?raeo8 of iasolabla 
oaterlely if my$ wero roBOved aithor W oontrifligation a t lO^oao 
ro^otutiona per oinuta or hy f i l t r a t ion tb rou^ millipore f i l tar* 
A olaar dialyaod protoia solution miB paaaad tbrour^ Dintssia eolmok 
(T9) to gat iaoionio preparation of tiio protain* Tho iaoionio pii 
of attont i t Oval A| xmo dataroinad to bo 4<d * 0»0^, A fixad volts&o 
of d ia t i l lad vatar aqnal to ttiat of protain solution containing 
abottt i s ng protain waa talcen in four vmlt oiaanad fiaigtiing bot t tas 
and haatod a t iOT^ to oonatant fmig&ita. Tbe iaoionio preparation 
of the protain vaa than taken in tha waigliing bottlaa hy voigtit 
and dried to aonstant weigbta in the ovan at iOT**, In oasa of 
lye09S]na«| protein waa diseolved in UO U potaeaitm otiloride solution 
and dialyeed against aeveral ahaagea of 0*i :4 potassiua chloride. 
The protein aolution and the dialysate vera aaparately heated to 
oonatant weightf and the protein oonoeatration waa detercKlned by 
the diffarenee* 
The oolucm was moaitordd by Lavrey^B method (80)« 
rollotjlng Polln nod Clooalteu ( 8 i ) | 100 g of sodltua 
ttmgstatOf SO al of 83"S of pbosphorlc ooia along T(K> lal of water 
t9ore trotieferred to a 3 l i t r e flasiU f i t t ed xsith rofltuc ooadonser 
and plaood oa a tioatlag filata. ThQ solution t?aa rofltisodt i^d to 
i t ^mjro added 130 g of lit!iiQsi sulptiatot 30 ml of water and few 
drops of liqttld tiro!3iae» fUe rosa l t las lalsftare was tioiled t7itaiottt 
ooadottsor for aljout 15 olnates to drive off e:!soes3 broiiiae* TUle 
al:s^turo was then eooled oad dilated to one l i t r e* fite aolutioa* 
feaona an Folin-^lienol rea^oatt aas tlioa stored ia a eeloured bottle* 
Itio eoppQr roageat was prepared by takin^^ 3*J sodian oar£K»aate 
ia 0«i I! QOditsia tii^droKide (A}y 3,^ potassium ta r t ra te solution (Q) 
and fZ oopner oulptiate solotiou (c) in tlto r a t io of iCOtitl {v/v/v)« 
Tt i s ie^ortant that different solutions sitould bo mla^d in t!ie 
soQUenoe A, B, C. 
To a roQaisite volase of protein solutionf 5 ml of oopper 
reagent was added^ and after 10 tainutes 0.5 ml of S0|$ (ir/v) di lated 
rolin-phenol reagent was added* Ifie optical density of the r e s a l t -
in;* solution oontoining protein in the range 10-200 alorograia was 
oeasnred a t 700 nm after 30 oinatos on a Carl^eiss Jena Speotro-
ooloriaeter» ^pekol, using glass etnrettes of i on 1 1 ^ t pat!i« 
2. UeaaareiMnt oi^  lyH. 
Hlleo p^ l as ter model LI-lO in oonjuaotloo witu glass and 
ooloraal eloetrodQs xtm nsetf tor pH aeasureBeiits at rooa tdoperatore, 
fhe pH aeter tvas steadardlsed using 0*03 M phttialote buffer, pn 
4«0i, and 0»0t ?J borate buffer* pn 9»0 a t 29^» Tbi& pll of eaob 
flotation rmB dotenaitiod after vieoosit}^ or spootral eteaauroiaonts. 
3(1 Cluro{aatogra:^ lw of Oval Aj, on C!:l*>Coiloioae Coitam. 
CarbO3Qris0t&yl-o0llalo00 powdor tsraa f i r s t saspondei} and 
allOT^d to mmll for obout 5 Iioaro, fiio lor^o and fino portioloa 
tiRsro romoved tfy doomitation. In order to oonvcrt C:!«-oolltiloso to 
eoditta osrotoy i t tms treated nvitli 0 , i K sodiun bydroalde and wasHod 
tgltti ei^eees tjator t i l l {rj-rooiiuieoo beomito free from a lka l i , fijo 
rosin was ttion ooavertod to l^drogea ©yolo W troatmoat with 0 , i :i 
byflrooblerlo eoid tsitli aoveral otion^ e^®. I t was waabed with evooss 
of eater to rostovo fi^drooblorio aoid. OorbosQ^etbjrl'-^eltuloso in 
hy^rop.ea oyote tras aasponded in ©EKioniuiB aoetate bufforf po 4 .0 , 
ionio atrengtb O.oas, for a t least one hour, 'l^e slnrry was poured 
into the colucsn half f i l led «ith the equilibrating buffer* i t i s 
important that slurry ahould noithor ^ too thiotc nor too dilute* 
^very oare was taken to ensure that the packed oolusm was free froa 
a i r bubbles. 
About 200 isg of Oval A^, prepared by batoh<^se fractionation 
iTlth O!»oellulose^tpas implied on the ooloaa* The protein was elated 
in iO nl fraetioas «ith mncMiiiui aoetate buffer, ptii 4*6, ionio 
strength 0,025, at a flow rate of 75 ml/hour (see Figure 3) . men 
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Figure 3* Cliroiwtograptisr of oval A^ m CM-C«llalo»o 
Coluwi, E3ei>«rln«titat o<mattloii«i fli« smio an in Pigar« a oa»«pt 
that t%B •amlB mUB was 200 «s in tO al aad i»c»luan »1»© wat 
3.1 X 11 ««• 
4.} 
eheok tho elntlon of protolaf no protola was olutod* 
Cannott-Fendlco typo octptlloxy risooiaotora xrit&k tlQ^ tloos of 
ttio ordor of 4<^ sooondg for S lal wator at 2B^G trare used in most 
of tbo tnoastiremoats, Ostiralt} typo visocHi^tore t?it£i flow times 
cioro thm% 03 BQQon&B woro also uooa In tho Siaetto Qoa@ure@@at0 oa 
occasloag. 
(a) '^oaMnt of vtsootaetor. 
I t was notoa tiiat lapropor woaUlns m& dryiag of visooiaotors 
lod to ooriotts orrors la rosu l t s . ^eroforoi oattroiao care was 
ta^on Itt wastiias aad drylos tlio vlsooraotcr. fHo now vlaoomoter was 
fl l lod xAth oIiroGiio mtA follotped lay a l t r a t i ag oizrturo* I t i s 
importont ttiat tho vloooaetor f i l lod with n i t r a t l a^ edsture alioal<l 
not lie lEont for longer tleiot booauso yollow substonoo got adsorbed 
on tho oenillarF ®«rfao0# Mter removing tbo ni t ra t ing siisturo, 
visooinstor tras washed with f i l tered a i s t i l l o a watert md then dried 
by passing dust tree air* After viscosity i3easaresi0nt» tho protein 
solution was removed tr&m the visooaoter« /isoooidter was then 
f i l led with clear dilute detergent solution and kept for seme times* 
I t was washed rdth water and dried in the same tray* uHen not in 
nset ^^ ® visooneter should be oleaned and dried* 
6 
(b) '^ Ityaiimrefflent* 
<^ol70iitfl as tiotl as protein solutioiss vi&rtt f i l te red ttirough 
tnilllnore filters*. Filtored solution was tokoa in a pipat ts and 
delivered to tlio ver t ioal l f olai^ed visooooter Icopt in a nel l 
in<iulate(l glass tanlc t!;lioso tofi^oraturo was resuloted 1^ oiretilating 
water freci && ultrathorooetat (Meo Slioraostatt Hungary), Plow 
tioo for oolvont ( t^) an<3 t&at for protoin solution ( t ) wero 
oeasured by the bolp of a stopwatch t?ith a leas t count of 0«1 
seeontl. A miniciuist of five taeaaurocients of floi? tiiae per solution 
wore oeSoi tho ^eviatioa tsas gonerally loss tban 0*3 sooona* 
TSie in t r ins ic visoosity / * / ^7$ i s ealoulatod in the follotj* 
Inp aonnor (83)» 
C ^  0 i< Q-^O VC 
« Uttait ( v ' v ^ " ) • * - ^ i Ci) 
^ « , e c i , th , protein e v e n t r a t i o n in g /n l . % Is the r,<,„o.<l 
v i s e n s i ^ , ^ *s vlsoostity of protein solution* y^ *® vlaoosity of 
solvent, Vg i s tHe par t ia l speoifie volm^ of protoin* and C t s 
ttie dent^ity of the solvent ithioh was measured hy weigtiing icnoim 
voluffle of the solvent* 
t - t * - ^ 2 ^o 
The quantity ( ' | ^ ) • (-—-a—S) presented in 
^ 7 
eciaftUoa i very olos«ljr approjttoidtes tDe reduced visoositjr* 
TI1I9 qtiwititr xfm plotted agalQst protein ooiiooiitratloii QHH extra-
{>olatioa was eadle oeooriSitis to tlio ot^ttatloii (38)f 
l.n'r'?J**TVJ'o, (3) 
tjfter© tE« to Hugglno oonstaiit* 
0» Tt^eaaroagnta of Qotieat y>eaalty« 
(a) rigiaaoreainot oi^  oytlnetioii ooaffloleiit^ 
Ml noasarafflonta wore m&AQ OQ aolotlona la^oti liaH boaa 
pr@viQnnlT fttt@rod throu^ citltiporo f l l t a r a . ^ 0 astinotloa 
ooaffioient of oval A^ ta phospbato batter $ pH 7,0^ ioaio strengtu 
0.30 <&as doterciiaod using CarliSolas Spootrophotosioteri VSUts-^^ witu 
<}tiart» envette® of 0.909 oia ligHt patli* Oifforent maottnts of 
laoionlo protein atW3^ aolntlotti, i»t)oso concentration fras previouai^r 
(Seterrainea W dry velgbt oethodi^ -WOTQ wDigbedi in 9 ml atoadara 
flaaica* lonle atrengtH of the protein solution waa aalntalae<S 1^ 
the addition of the reQuirea emototnt of sodium ohlorlde* The optical 
dennitsr of 10 protein solatioao of vairlng oonoeatratioa vera 
fieaanred a t roon ten^eratnre and a t different wavelengths* 1!he 
extinotlnn ooefflolent^ '^ j[l|pt At each wavelength waa ooopated froa 
the slope of the s t raight l ine between optical density and protein 
eonoentration expresned in g/iOO nl» Hhe s t ra ight l ine was obtained 
1% hy the sMithod of leas t sqnares* fhe valaes of ^£^« l th i t s wave* 
loRgth In parcntlioses ware found to t>e 12*413 • 0*010 (242 iia)» 
5»11.3 • 0*035 (357»S na) , 0*19O • 0.011 (30» no), T*130 • 0,005 
(3S0 iii!i), 4,446 • 0,004 (383 ma) and 3,93 • 0,007 (393 ma), 
(^> *t^affqrogoo<t ot <!lffer<^i|<y6 at®<^R^ 
1%Q dhiyngo {a i^sorption spootnua of t£io natltro protein 
solution iipon donnturiatloa ^as rooorded oa a Boclcuian ao<lel BK^ZA 
ra t io rooordlng ^eotropliotosKtter oQiilpp0<S c l tn a t(iori:u>stoiloolly 
oontrol,l<}4 oolts holder tsltoao to^orature was rogulateil wlthla 
• 0,1** l^ r olroulatlng trator a t 2®°, llio dlfCoroaoo spootrusi of 
oval Aj 1« 0 II G^n,ilCl eolutloi, ogalast tfto aatlvo protola la 
phoapttato hnfforp pti t , 0 | Ionic strongtli 0,30 la ttio rmiso 330 «• aso 
330 <• 330 no was cmasared, ,4s sliot^ In riguro 4 | tlio oaln toatures 
of tfio dlfferonoe s^joctrtisi aro tho niaxlisa a t waveloagt&a 393* 388, 
363, 3S?«5 and 343 no. The f i r s t tUrao wavolon^ttis ivoro solooted 
for t!to proaont donoturatlon studies* '2tia optical density of 
protein solutions oonteU.nin.'^  varying oonoontratlons of 6dn,llCt were 
reoorded, Itie absorption of protein solution a t a partloutar 
Gdn.HCl oonoentratlon, at oaeh wavelength, wae divided hy the 
protein oenoentration In g/100 ml to give ^^^ f^loh was snDtraoted 
fro« the corresponding s j ^ of the native protein to ehtaln the 
valne of A I3r^, 1*10 resnl ts are eairpresaed in terns of AEj:^^ as 
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Wavelenith, nm 
rigar© 4« fiffoot of 0da*nci coiio«iitraticm on th© 
ibflorpttofi SpoetrtuHi of Oval A^ » Sxp©r4ao»tal ooaaiUiai»f i ) 
Oval A^  in phosphata buff or, pll T,0, lonio atrengtli 0 , M | ( - • • ) 
Oval A : In 6 M Oda.UCi, pH 6,8} ( — . • . — ••• ——) **»« 
diffaranea apaatnm with nativa Oval A^^ to the rafareaoo and tHe 
daaattnrad oaa in ttia aanpla Daam. 
Protein stoolt solution i^oso ooaoontratioa vas proviousl/ 
4otor{!iittod W dcT tvoight metliod was woigbod in 5 at volnaotrio 
flaslr. Protein aolntion was ailutofl with v/ator foliot?a<} by tho 
aUditinn of solidi disoaiuia ptiosfifeiate ond sodiiua byilrogen ptiospliato 
roquirod for maintaining a constant pit of T.Op ionio strongtb 0»1S* 
^ e n desirodi aaoont of Odn«noi was addod \>y miiQhU ftio final 
volurao i^as ua&e np to 5 ®1, All solutions wore pro|>are<l at room 
±'1 tooporotnra, ifio atoasuroaonts of viscosity asm A G j ^ on solations 
were nstially aafis 10 tionrs af tor tlio preparation, 
S» flooat^ra^on Caeooriaont* 
f^olntions for ronattiration stsuliss ipsre propared in tHo sa®o 
wfliy as thoso for dionaturatioo e^cporiaonts eatoopt that in this oasof 
protein solution was f i r s t esposod to ? M G<!n*liCl for about iS 
tiinntos and dilated la^th water to 5 nl» The Kinetio esperiiaents to 
be dosoribod la te r indieatod that the dooatoration i s oomplote 
within 9 ainntos at 3»i if Gdn*HCl oonoentration* fherefore» the 
treatment of protein with 1 %l Gdn«nct for 15 sAnntes was obviously 
more than stiffioient for attainaent of eqiiilibrion* 
9« Bffeat of p!T on nui^idine Hydroohloride Oenat}uri^tioi^. 
The pff indueed transition of Oval A^ was studied in the 
pH range 1 • t , by neasoring • isoosi ty of 0,33^ protein solution 
ornitaintng fiseil aKiotint of O^n.llCl as a ftinotion of pil, Protoia 
stos^ aolutlon ana oaii,flCl wro teUon by ifel(^tit aa<l ta© pll vaa 
a^Janted by adding i^proprtuto votuxsos of bydjrooblorio acta or 
sodium bydro^do. Tbo transit ion indaood by loworlna tlio pU was 
fomid to bo rovoraiblo a t a i l Gdn.ECl oonoontration* ibo rovor-
@lbiUty waa obookod l^ aaasariag tlio visooaity of protoin aolutlon 
oontainins Gda.ICi a t my p'i obteinod la going fro© noutroi to aoid 
pTi or vlee^voraa. 
iO» r.ffoot of Tos»ierattiif0 on CrufinlQlao nydroohlorlde Ooaataratlon^ 
t 
mo off001 of tocporotaro on tbo doonturatlon oQuillbritios of 
Oval Aj at different Gdn*nci ooaooatratlons t?as Invoatigetod in tbo 
tooporaturo raa^o iO-QO°. protein solatloas of pu TtO^ ooatalnlns 
a flxod amofiat of Gda,nci woro prapared at room tozii^orattira* fbo 
protoln oonoeatratlQsi t^as 0.334 i ' l itared solution was t(^on in a 
visootnoter and tbo flow tiae dataroiinad at eaob tomporature aftor 
a nariod «bloh xm» suffloient for tbo attalnmont of eqctilibriuisi* 
Tba tino reriulred for tatiperaturo oqiiilibratioa woa found to bo 
! • • • thim 30 cdnutos* In ordar to taat irbetber tbe tbamally 
tndneod adn*!tct donatnration i s reversiblo, the protein solution a t 
60^ was eooled down gradually to tlie lo«rer desirod tefs^aratare and 
the viseoslty measured, Tbe agreetroat betvean the visoosity a t the 
lower tes^erature in the forward and rerermt riui was oacoellent* 
o I 
Al t Ictitette »)ador@a»3itt3 i ^ r d m^e a t a3^« fh& progress o f 
tlt0 &m&tm&timi or ronattsratiosi roiKitlcm was t o t lowed W raoasariiig 
thQ v i s o o t l t f #f tlio p ro to la (0,38'J) so l t i t ioa a t a fijsoS coaooatra-
t io f i o f 0te#!!€t« Solt i t ioas fo r ttio k i no l t os of doaatarat ion OJKI 
reaatt i rat ioa f t i ^ t o a war© Esa«le 4a tlio ©oo© wa^ aa dasorlijod a^oira^ 
i?or i t a o t t e s of denaturat ioai tli© .aoaeat 84a«ll01 was MI^QA to th® 
pro to la ao ln t ion a stopwaton -was ©tar tod. Protota aolat loa waa 
talcoa in a vtaooeator alroad^ olssiiea i a water taafe a t aS**. ?too 
f i r a t @tof>wato{i vaa stopped aai tho aaaoadi a t a r i ^ l ! to reoorS ttia 
tlma of f a l l to tfto i^tsaoaatar, Ucaoo tiia t l so of roaot ioa eras tHo 
aa« of raaatago OR botto tHo stopt^atotioa. I l io prooaSura fo r tl ie 
lEtaatica of raaatarat toa atudios was 03r<»>tlr ©liMllar ©jroopt tha t 
tl ia t toa was r«eor«ladi f roa tUa ec^iaat p ro ta ia s o l u t i o n , fsfiiiolt was 
orovioasly oicpoaoa to ooaoaotratodi adla,ilCl ao lu t i on , ©as d i l a tod 
1 ^ a^ i tas baf for* tli© roaotioa ooal# li© fol lowaa beginaiag a t 
1 ^ a n t o a f t o r t^aciag* '^@ raau l t s war© plot ta^ l i a tD© fo ro o f 
f»lot of tn\/i^~ff^v^wnm t / t «• Cxpar i^ ia ta oa teinatioa of 
deaataratioa and raaatarat ioa irora oar r iad out i a tli© raag© of 
Qdn.HCl ©onoaatratloa 1.9 - 3«i M aad a t var ioua p i valaoa* fit© 
maasuroaont oa tlio idnat iaa of aonatarat ioa iaid reaatorat toa voro 
also isad© at a i f f e r a a t ta^ora t t i raa* 
I l l , BXpniii^ c.'^ TAJ* ngsuiifs 
A, fho Nottv© State of Oval A^  
OVGX AJ tn p!i»spheto buff or , pll T»0, loaio ©treagtsi 0,13> 
a t 23** ras takon to roprosont tlio notlvo stato of tUe protein. I^o 
intr inslo vtsoosit^ of ttio protein undor those eonditions was 
deterotnod to ije 3«85 • O.iS oo/g (see Figure 5) nfticU i s abotit 0,'J 
lower then tho values for tHio -si^ tolo ovoltiuiaint reported to tSie 
oarl lor litoraturof the reported values l i e in the raase 4,0 *• 
d«3 eo/s (33943)* Tbtte, the Ititricislo visooeity of )VQX A. l i e s in 
tho range 3 - 4 oo/g espooted for globulor native proteins (D9)# 
Int r ins ic viseosity of the pro tela depends on the shc^e 
find tiydretioo of the ooleoiile, This etateoent i s described by tbe 
expression (34)^ 
OJ - ^ ( ^ + ^ ^ i < ) . ( 3 ) 
vrbere i) in shape or Siiaha footer, i^d i e 3#5 for suspended sphere 
(34) and larger for ellipsiodsf v^ and v^. represent the par t ia l 
speoifio vol tines of protein and the i th solvent eoaponent* 
respeetivetyi ^ . in the graa of the i t h oosiponent bound to one 
s4 
Protein concentration x10^^/cc 
Flgur« 8« TiHi Intrlnslo Viscosity of the Hativs mtd tue 
DoiittttirQd Oval A. at 29^. Exp«4*iMRtal ooaaitioasi Open oirolos* 
protein in pbospnate buff art pH T»o» ionio straagtii 0*Vi$ filled 
oirolod Oval ii^  in 6 M Gda.HOlt p» 0«8t ana half filled oirale»| 
Oval A. in 6 M Sdn.HCl plus O.i M (3 ««eroa|)toGtIiaaol» pa S«i« 
<J , ) 
gratt diy {>rotein» and the tunraation oxtends ov«r all aolvent 
oofl^ oii«tit»« If we a80uw» that Oval II. Muds raoatly tmter for vrtiloh 
V? » 4 eo/«i wo o«tt oaloulat© _^  by the help of equation 3. By 
setting 2) • 3»9 , /"y ^ • 3.85 oo/g, and Vg •• 0,T49 00/g (34)» 
the value of ^ wan ooaputed to be 0«T9 nbtoh i s obviously an 
ovoreotiiaation of tibie extent of Hydration* ^cording to Dtill and 
Breeso (83)f one graia of ovalbtsmin binde 0*3? gram of «rator ^ i o h 
in tlie presence of otber ione would be leas* If tbe aore r^pr&'m 
eentative value i s 0,2 g/g dry protein ee baa been suggested e l se -
ti^ere (34)| tbe value of i) ooii^uted by equation 3 c<»a0s out to be 
4«i tvbiob oorrosponds to an axial ratio of 3*3 and to a friotional 
ratio of i . iS* Tbe latter i s in good agreenent witb i» i t deter* 
oined by liaian end Paloon (43)* 
fhe ultraviolet ^sorption speotrtsn of native Oval A. i s 
shown in Figure 4« IHe speoifio extinction ooeffioient of Oval A^^ 
^len ^* ^^ ^ ^^ (where naxlaun absorption ooourred) in phosphate 
. „ « e , . pH T.O. , « . , c .trengt. 0.30 » . at ^«- ««. aoterotne- to 
be T»150 • 0«O0S« 
B« The Denatured State of Oval h^ 
Tanford w& oo-^ workers (36*t0)f have shovm that proteins 
dissolved in 3 M Odn.HCl lose all the eleaents of their native 
eonforwation and exist either as oro8s<»linked or linear randoa 
ooils depending UDOU whether the protein contains intaot or reduced 
o 6 
df ttalphtdd bonds* Por l inear randoa ooll proteins* ttio nolooular 
weight «l©peadonoe of tlie intr ini 
dlosorl1)<»d l^ the equation (4S)t 
ifopendo  i t a io irlsoofipi^ a t 33^ hoa boon 
r ^ J ' f ^ ^ - l f s a n * * * ® ^ * * (4) 
We Have tovmO tliat ttiis equation also applies to Oral <4^  in 6 M 
Odn.lCl plus ^ •ooroaptoothonol* Purttiisri toi^oratura depoadimee 
*»^  2 i r ? « 7 *^*'' eevoral proteins i s ohoraotorisod by the dooreaoo 
in in t r ins io viseoaity with inoroase in toa^oraturo froa 33 to ^** 
folto^3?od inirartobly by eea inoroaoo in / * ^ JIT a t 40**| fttrtbor 
ineroaao in toc^oraturo from 40 to 53° produusod aonotoaous 
daoroaeo in ^ T ^ J7, f&is anooaly i s sitarod by a l l tbo l inear 
raadoesly ooilod protoins but not by oroaa-linleod randosi ooilsf 
i*o»t proteins in 0 M Gdn.JCl alone. AB o3cpeotGd» tbo toia^orature 
dopendonoe ^^ JT V J7 ^^ ^'^^ \ *» ^ "^ Gdn»iiCl folloiM regular 
deoraase t?itb inoroaso in tos^eraturo from i3 to S3^» fboae 
resu l t s suggest tbat Oyal A^ in Q U Gdn.tlCl probobly es is ta as a 
o rose-linked randota ooi l . The Talues of in t r ins io viscosity of 
fhral A|_ in 6 M Gdn.nci and in 6 t-i Gdn*iICl plus ^ -aero4i^;>toetbanol 
were fottnd to be 2T oo/g and 3i oo/g, respectively» (see Figure 3) 
vhiob would in^ly that oysteine residues fonaing disulpbide bond 
are pro^sial «id form a V9ry short loop of aaino ttoids* 
48 stafiod earlierf the native Oval A^ has an absorption 
ttaxinun at 290 na (see Figure 4}» i«hioh in 6 M Gdn.iICl appeared as 
o- * 
two laaxlma at 3?? and 381,5 a» (Ftgore 4)« A slight blae slilft 
(1,9 iia) prQstwably refleois the aafoldlag of protein* A plot of 
4 ^ y[ voi^ *ttg wavolongtii Is shown in flgnro 4» «hor« Zif m i» ^® 
dl f f .r .ne , 1» the solar «*ln«tlon. o« Oral A^  «,*.» n « m . <m<l 
dennttirodi oondltlons, 'ftie naln foottiros of the dlfforonoo spootrum 
tier® a olnlisufa at 333 nm^  a shouldor at 233 ouBif and a siaall miaimtm 
at 30d nn. fho ralnlmnm at 38T tm has hean attrlhutad primwtily to 
tho porttirhatlon of tyroslno roaldt^s of tho protoln (d4)» I t 
thU0 folloim that tho gntmldlno hydroohlorldo Indaood deaaturatlon 
of Oval AM prliaarlljr partorha tho apootruta of I t s t^ x'^ 'alno rosldaoa* 
C, Isothormal Donaturatlon 
1. yiaooalty »4ea«t>reiaont»« 
fho gtianldlno hydroohlorldo Indnood transition of Chral A. 
. . » .aur.d ^y tho » . . » r , » n t . of ^ „ . t pU T.O «.« » » t . .horn 
In Figaro 6, t t Is oloar that tho esrperltaontal points obtained 
both from denaturatlon and ranatnratlon atudlea fal l tm the saoe 
onnre which snggeste that the 6dn«!lCl Indneod transition of Oval A. 
Is thersiodynanleatljr roTeralhlo* 'fho experlnental polnta In the 
transition region represent the orerage of two or three Independent 
8teastire»ents which agreed within •, 1 4 The transition ooearred In 
the Odn^ HCl ooneentratlon range of 1,0 - 4.5 M. Mie transition 
apnoars to be ooii^lete at 4,5 ii| where ^ ^ was 39,2 oo/g which 






































rigore 6« Tbe eff«ot of Gdn^ HCl ConoeatrAtioa on tha 
naduoed \rt9CO«lty of Oval L* t5iiport««iital oonditionsi Protoltt 
ooneentrAtion 0,3811. pH T«Ot open cirolo* ropreteat deaatoraiion 
oxporlaeata and filiod oiroias roprasoat ronaturatloa axperiaoats* 
in 6 M (}4»tHCl« Ttio iBid point of ttio trensliion i s near 2*05 M* 
me rmlm of 39,3 oe/g for ^ g jj was taken to reprosont the 
denatared state of Oval A^ and dooa not show any deteotablo 
depondonoe on Gdn,nci oonoentration. Tho native s ta te of ^ivoX A^  
baa boon charaotorissod by a value of 4«34 oo/g for ^ ^ ^4 
3* Mffereaco Syieotral rieegwremontg, 
Tho gticnaidine bydrootiloride indaoed transit ion was also 
studied hy differonoe spectral c^astirements ooidor conditions 
desoribod in Figure 7« Since difference spec trust of ttio native 
ovalbumin Qieasared against tbe protein in 0 tl Oda»IlCl 8£i0iE?ed ^biree 
d i s t inc t T^ iaxitaa a t wavelengths 363^ 233 and 293 nmp ttie transit ion 
^as studied at a l l the three iimvelengtbs (see Pignro 4) , In 
Filjure If Ag represents the change in optical density of i ^ 
native protein solution prodnoed by Gdn.HOl dtmaturation* Hbe 
transi t ion occurred in the range i«0 <•» 4«5 U Gdn.iici concentration* 
The gnanidine hydrochloride concentration® corresponding to 29» 80 
imd 75'^change are respectively 2«a09 a*39 and d«2 M in a l l the 
three eases (see Figure 7)« Further^ the change in z:^ E» monitored 
at the three wavelengthf n^th increase in Gdn.liCl oonoentration 
seeais to correspond the sane transition* 
The guanidine hydrochloride induced denaturation of Oval A^  
i s reversible because the points obtained froai the denaturation 
and renaturation earperinents seem to fa l l on the sane curve (see 






































F*igur0 7« Effeot of (I(lii*ll01 Cofiioeatratioii oa tii« 
Difterenot 4bsorptioii of Oiral iij^  at 369 • 288 and 393 oa* 
^xi>erltt6iital oondStionst Toe^orattiro 25 | pil 7*0i opoo squ«ro8f 
oiroles onA hoxiigoiis ropresont rosults fron Aefmturfttioii oxpori"-
iMnts miiilto ttio f i l l t d ones roprosent rosults froa renatorftUofi 
•sporl»oiii8« fho roftronoo solutloa oas CHral A^ in ph08pti«t« 
buftor* pri 7,0y tottio strength 0«i9, 
' 1 < 
denatured i»r(»telay ^^0* sbowed dependenoe on 6dn«HCl ooaoen*' 
tratlon, C * islitoti ean be deeroiribed l»y tlio expressions 
( ^ SjjJgQg • 0 .^9 Cg - 4.103 (5) 
( A ej,)393 « ©•oaa c^ - 3,030 (o) 
Tho valtiQs of A E tor the native proteiut A c^| does not seem 
to ha dependent on Gdn*HOl conoentrntion* I t should bo noted 
ttint the total change in A E oatisod hy inoreasing Odn«UCl oon«» 
oontration was iBl> at 203 nsif ^tH at 333 nu and 71 ;S at 293 nm« 
3« #»^y?^^,of,»¥.„^<^ffl,li4A»^^.%^roo^»'q»'f<^« ^^l^no^d yy^ff^f^,o^i 
I t wilt be asswBod tbat the Qdn.nct Indnoed transition of 
Oval A. involiree one step and that the Intertaedlato states» i f 
&nyt are too unstablo to raake any doteotabio oontrlbution to the 
properties used in the study of the transition* fhe assumption 
of a two«»state transition iH>pe«rs to be supported by the oridenoe 
given belowt 
( i ) The per oent denaturation measured by two independent 
properties i s same throughout the transition (see i^lgure 8)» fhe 
reduced viseoalty provides a neasure of the gross oonfonaotlon of 
the proteint ivhereas* differenoe speotrat measurements would 
ladieate i^e ohaages In the eavlronnents of the ohromophores in 
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Plgtiro 8. Per Cent Cbonge In Heataoed Visoosit/ and 
mtforonoo Spoetral Intensity m a Ptmotion of QOn.iiCl Oonoentra* 
tiott* Open oiroles roprosent data catoulatoa froa vteoosity 
naacnrattQats (Figure d) ana filled eireles represent results 
oateulated troei differenoe spectral steastirettents (Figtire t)« 
<•> 
the protein* If both oaastires the soae transit ion as they do in 
tho present oaaof tho traneition I s most liliely to he a one-step 
I»r0oe8s« Hotitei^ ort this i s a neoessarf but not a ssutfioient condi-
tion of a two-state transition* 
Cii) More diroot oonolnsion oan ho roaohod hy tho Mnetio resu l t s 
l»iiren in Figure 0« fhe prooes® of denattiration and ronattiration 
followed f i r s t order Mnetios* Further, the value of ^ ^ extra-
I 
pointed to inf ini ty agreed wit^ those foond in oqnilihriuo sttadios* 
VhQ gnanidino hydroehlorido doaaturatioa as well/as renaturation of 
Oval A|^  follotved f i r s t ordor ^ n e t i o s tmdor variety of oonditione, 
naaely, Gdn«HCl ooneentration (i*0 to d*i)t pE (2*0 to 7,0) and 
tecjperattire (15 to 4S**)« 
4. Peoendeno)^ of gouilihrima Conataat on the yiotivity of Gdn.ilCl. 
1%e denatoration of oval A^ W GdntilCl may ho expressed as 
» "> 0* in 
where H and D represent the native and denatured 8tates« the 
equilihriim oonstwstt K, for the reaation 7 oan he expressed in 








Piaarft 0, First or««r ^adUo Plot for Oomitartttlofi and 
RMatiirtttion of Oval A. at Olfforoat 0«a,aci Conooatratloaa, pH»9 
ro»alt« fro« doaatoratloii exporlwrnt* at 3,0 si 25?'"f * » / S m^ tmU 
3,36 M Odn.HCl, pH 5,S» 38* (5)$ ana a»30 M^^.ttCj•.??.!:?• 
15* (H). Plllofl olrolo» roproioat rosultg froa f«a«*"'j^i* 
J ™ ™ U J {0 JI 8,30 M Oda.nSl, pH 6,6, 35* (P f •«« 3.84 




K« '^^'^ \ n (9) 
g . 1 . (9) 
In Oqaattoiis 3 m%€ 9» Y^^^  oii^ l A g represeiit the ot>80iT«4 re^uoecl 
11^ 0 dopondniooe of equilltirtixi Ofmstaat oa 1ti0 oonoentration 
or Qotlvlty of GIUi«ll01 I s ©viflont trom FIgar© 10, I&0 vaiaoo of 
K warti c&lenl&ted trom t&e ^ota of rigures 6 m%^ 7 in the rooge 
0«a ^ K ^ 3 * The aotivitjr of Gd[a»llCiy a f wa« ooloKiiatod ua&ng 
tbe egtiatlon (@S)f 
log «„ • • 0»51907 • !•43380 log C„ • 0,23018 (log Q„)^ 
• 0.38844 (log 0^)^ (10) 
fh% r«lfttioii fei0tw««a K and « tias boon <S»8orit>od by fanford (86)t 
K « RO >, ^ . ^ ^ (11) 
jf <^*»i,-iV 




I04 a^  
Figuro to* Of feet of Gaiii.aoi Mtivitf on ttia {^ ogarittia of 
Egtiillbrlim Constant for tho frantltion of Oval A^ at 29^* pi T.0« 
Exporlmontal oonaitioast Opon olreles ropreaont data oalou&ataA 
from vtseoattsr naaaureaaiita (Figaro d), fillod oirolea rapraaaal 
data fron diffaranea aiiaotral neaaoraaeata (Pigora 7)^ aolid Una 
waa drawn aooording to Egnatlon 13« Tho ojtporiaantal points 
rapraaant tha iraltiaa of K in tba raaga 0»a ^ K 4 B*^ » 
i? 
t9tier« IC^  i s ttio equilibrtua oonatant l a aUsenoe of tbo (l»aatiiranty 
"^^ and Up T9pr0»ent the ntmber of moles of 6 ^ , a o i ttiat m&y botiaa 
2>or fml0 of tlie oatlve tuid doaattirea protein, reapmttvely$ mi 
»,^^ 1 , «.e I n m n s l o Mndii,a oon.tont a t .«oh Individual al ta « , 
the natlva protein, «.<• »,^o a a l a l l a r p<»ra«.tar for the doaatarad 
protein* If a l l tbo s i t e s on tbo natiiro an<} doaatured aolooulas 
are iifieatioal and non-iateraotiag* k^ ^ m& UM ^ m&y h& rei>laoed 
tfy a 8ia'3lo eoaatant fir* Ocitiation i t will then rodlaoo to 
KmEf* it * U aj ( ia) 
a 
AH 
t^ere ^ a « ^^ - " j^l» TI»G taria ( i • k a ) of s;qaatioa i3 
doaoriboa tHo dfeiptondeaoe of H oa tbo act ivi ty of aan«llCl and ia 
aflstn^d to Do inc!e|>0ndaat of pU aad toi^arature* Wo may deaole 
i t l)y another eqaitibritus oonetant|, iS(a)| 
K(G) « ( i • IE a^) (13) 
Here the aaeuaptioa ia that Oda,!l'^  ion ia much nore effeotive 
than CI* ion «o that the effeot of Cl"* ion ia onifl|»ortant« la the 
ahaenoe of relevant data on the aotivity of Odn«U'*' iona in the 
eiciating li teratt ire* we will uao siean ion aetiirityt a^t vhioh ia 
m * '^^^^ Bqnationa %Z and i3 heooaea 
K • K® (1 • ka*) (t4) 
K(G)« ( i • !«•) (IS) 
tlio resul ts of Figure d and 7 are oaalyaed aooording to 
EquGMon 13 W assamtiiQ tliat tiouxit! llgond le a noutrol ii<2ii«llC]. 
fsoloeulo* Tbe resul ts of sueh oisolyaJis are S&OWQ in Figure iO, 
wliere open oirolos reiirosent the visoosity respi te and f i l l ed 
oiroles represont experiie^siital points obtaiood froa differenoe 
speotrat iseasureiDeats* ^ o best values of E^t ^ ^<3 A & were 
obtained by least squares taetbod uwiag a ooaiiuter prograsicro vri t ton 
in Fortran* At 29^ tlie values of K^, H and _A n vmre$ respoetively 
Q»746 at iO **, 0»80S and 6*660« By similar proeedaroy tlie value of 
K^", t and A 8 were deterr^ned using B<|uatlon 14 and mro found to 
be 4*59 X 10*^1 i»ii9 and i3,3S0» respeetively* l^o free energy 
obeage in ebsenoe of 6dn*HCl was 6 Soal/aole* 
!)• Of feat of pn on Deaaturation 
The redttoed visoosity of native Oval A^ in Q»i& U NaClf /^ j|f 
was HHiasured at different pll values and tbe resu l t s are shown in 
Flisure li« Evidently! l^ ^ t9 independent of pH i^ to 3«9» below 
wbioh / fi inereased presnnably due to aoid unfolding of Oval A^ « 
PH 
<'i§are i l . I f feet ot pU on tbo CMii«HCl Detsataration of (hral A^  at aS**. i^xperlAoiital e<maitloit«t fba t i l l ed oirolea vera 
obtained tiy bringiiig the pH to the desired iralue after exposure 
of the protein eoltition to pB i»0« The Gda.HCl oonoeatration for 
eaeh otirre is shotNS on the ourve* 
7 \ 
The valae of ^^ ^ was noMttred to be 4*34 oo/g in 0*19 H NaCI a t 
pit T,0 and aa**. Prom tho liaitlcig values of ^ ^ a t vorious 0<ln,UCl 
oonoantratlons* I t waa found that ' ^ g j^ i s indoj^ondont of pa and 
Gdn.rrci oonoontration (aeo Figttre i i )* XaoidentalljTf ttio value of 
^12 ^ «aa aano (i«e»t 39,3 oo/g) aa that obtained for oross«»linlced 
randOQly cotlod Oval h^ in 6 t! Odn.nct a t 33^« 
%e pH indnced Odn^aci denaturation of Oval A^ was atadied 
a t different oonoontretione of 6dn«n[Cl in tbo range i«5i •«• 3«90 y» 
and tlio f^etslts are sbo^m in Figore l i i tbe resul ta a t t«o Gdn.IICl 
oonoontrations* i«o«f l»dO and %*t% ri bave been o&iitted for o lar i t r* 
I t ia elear tliot tbe deoreaae in po froia 7,0, favoured a i ^ i f i e a n t 
inorease in ^ ^ a t o i l Gdn*£ICl eonoentrationa* Aa esj^eotod* tbe 
beiolst of the pn indueed traneition deereasos f f i^ inoreaoo in 
Gdn.^Ol ooaoentrotion* Tbo trimsitions sbo«a in Pignre i i wore 
fOnnti to be roveraiblei tbe voluo of ^ j^ of tbe protein eolutioa 
tfbicb wm» previotiely eaqpioaod to pO i , 0 f a l l on tbe saaio onrve draisn 
tbrotigb tbe esperitsental pointe obtainod for deaatoration# Furtber^ 
tbe Icinetio ea^eriaentsy deaoribed ea r l i e r (see page ^3 ) suggested 
tbat the pTi iodnoed Gdn«l!wl denatoration of Oval iV| i s a t«a<»8tate 
prooess. ttius^ there i s sose Just i f icat ion in analysis^ tbe data 
of Figure i i assuains a two-state prooess» 
Sinee the eiiuilibriuia oonetontf «# tor tbe proeess Jl '" ^ \i^ 
eould be written as a produet of three independent fuaotionsy i«e«> 
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f'lffur© la, Effo«t of pH on tho Logarlttin of tho Bquilibrloa 
Cons tan t for t!i« adn.noi Oenatttratlon of aval A.« Hio valttos of 
oqtiltllirlum oonnlaatt ^m eoloulatod fron tlie data of Figure ii« 
m^ mr«i plotted aa log/l/«(0)J7 yaraua pa, with a(Q) givaa hy 
!!:qi]atioii i3« Tlie axpariaaatal pointa raproseat the valuea of K, 
in the range 0«a ^ K ^ S»0, 
tlli«r« F(c^) dosoriliet the depm^eae^ ot K on pHt and S^ and K(Q) 
tiavo the some adcinliig am in Oci^ aUons 13 and 13* ftio valoet of 
S(G) htKVB h&on detarodnod earlier (pagd 48>« fhosi tlie ton» 
K/K(Q) trill be indepoodent of 6dn*HCl conoentration* A plot of 
log £\/K{(i)J y^ riyai^  pO i s sltOfm in Pigtiro ia. I t oan be soon 
«tiat results obtained at all Gdri^ HCl ooneontrations'oan be desoribed 
by a sinc^o ottrvo. This woald aoan that the fimotion K(6> deter-
isined at pn 7*0 applies at lowor pH alsOf and thus indioates the 
cmtual independenoe of E(6) and ^(%).» 
The naariQUQ value of -dlogK/dpn t^ to pn 3«0 i s about 1^  
^ i o h Qioaas that on© titrable s*"****? a^ust have different pK values 
in the native and denatured states* 0y al l indioations this grot^ 
appears to be a oarboisyl ono« tbia group oould not bo unequivooallr 
detoroined by the prooedure of iUme o£ j|.» (8S)» 
C. ijffoot of Tas^oratnre on Denaturation 
lbs stftto of Oval A^ in phosphate buffert pa 7«0| ionio 
strength 0«is» represents the native state of the protein« Figure 
13 shows the effeet of teaiperature on ^^ of the native Oval A^ *^ 
I t i s evident fron the ourve B (Figure 13)» that the value of /^ ^ ^ 
does not show any d« tea table taiaporature depondenoe vip to 30^ 
beyond whloh / ^ iaoreasss with inoreaso in teiaperature* The 





for «i« niittvo protola in phoaphftto littff«r, p« T.O, toiiio atroagtn 
;;-^^ 
« / • * 
hnt pr9»vmahty r e f l oo ta tt»» d i s rup t ion of the nat ivo oonforstatitm 
oatised by tt ioraot denati trat ion (87^89). more fore t i t t t l io oalotat»* 
t i o n of the ef|i9ilt l>ritm eoastost a t d i f f e r e n t toB^pioretturoof tho 
Toltie o f ^ r j ig **<^  25* i^o* ^®©» tttoa. 
3* I?ani^tiir«d S f^fcte^ 
fho tip{»or otirv© o f Piguro i 3 shoars tuo iralnea of l^ o f 
Oval ^f i n 0 M Gda.HCt as a f i ^ o t i o n o f tdfaporaturo* Uto roduood 
visoosity^ o f tlito doaoturod pro to ia^ tmli lco tlto aat ive oao« doo* 
roaaed raonotonioallir w i ^ an inoroaao i n tosE^oratnro* Itto dooreaso 
i n (^  j j f o r proto ins i n 6 M <ldn»QCit "e i^oro thoy botiavo aa orosa-
tinlC3d rendo!3 oo i lSf seeos to tio iho obaraotor ia t ios of tiie dona-
tt ired pro ta ins w i th diaulphido bonds i a t a o t (43)* fbo valuos of 
7 { | 0 ^ x ^ found to bo iadapottdont o f 6dn«0Cl oonoantrat ion a t a i l 
teaporatnrea* tHo teaporatur© dopondanco o f "^^ Qt as obotm by 
the ourr© A o f f^igwo i 3 , i s daaoribod by tba fo l loaf iag r o i a t i o n 
obtainad by tbo balp of laast s^ttarast 
^ n » * ^•^^^^ • 34 .3 i t ( t T ) 
vliero t * i a tbe tanporatnra i n dagrae eentigrads* Itia value o f 
Y n D n t a givan taeiparatttro was ooaputed f r o n Equation i7« 
1 / 
10 20 30 40 
Temperature, °C 
50 60 
Figuro 14. Effeet ot rtoparatttre on the Qda.aci Doaatura-
tlmi of fhral A^ « Exporlmalal oondttltmst Prot«ia ooaoeatraUon 
0,38^ Tba fiil«d eiroUs r«pr«««Bt data obtaiaoa at a glrm 
taaparatnra both hy haating and ooolias tha protoia aolatioa^ 
Oarra A vao drano asoordiag to Ectaatioa IT. 
,,f) 
3. i^ftoet of Tftiiperatura on GciQillbriuia Constm>t> 
Th& offeot of toiaporatitro on tho adn»llCl indaoed iloiiatiira«* 
tlon Of Oiral A^  «t w l o t t s coaoontrailo«« of tho doaattiraat, »a» 
Invostigatoil in the ton^eraturo range 10 «• 60**, Plgare 14 tibovm 
a plot of ly^ yergug tetaporatnro for roprosontotliTQ <lata« trtioro 
I t oan ho soon tbat tan Inoroaao in tesperotare favoars denaturatlon* 
la or€ior to eiolntaln otarlty aomt polata la tho poot^trMisltlon 
part tier© ociitto^l* Tho orltorloa of th© rovorslbllitr of the 
ttioraial daaaturatloa was to see If ttio ewao Talao of ^^^ waa 
obtQlnod at a slvon tof^eraturo both hy heatiag tm<A ooollng t^e 
protoln sotatimi oontalnlag Qdln*tlCl* l^o iroluea of /^ tiius 
obtained aro aboicm In PiQWte 14» I t can bo aeon la Plsttre 14 
tbat fllloO and open olrolos l l o on tlio Bsmo ourvo* fills anggested 
tbat the tomporatare maaaod Gdn.nai doaaturatloa of Oval A^  Is a 
revoralble prooose* 
file plot of InK v<^ rgtt8 l / f gtvea In Figaro IS ibonred ourva-
tore enggestlng the InvolTonwit of the tero for beat oe^aolty 
ehiiage at aoaetaat praeaore. The latter la the obareeterlstloa 
of protein deaaturatlon« The aolld l ines In Figure 15 were drawn 
hf the Method of least squares using the experlnental points* The 
data are seen to f i t the folloirlng eqnatlon« 
InK « A 4- g/r • cf • DT®t (18) 




i x lO^ 
Ftgtir« 19* TtttperAtar* Oo]»«iid«iio« of tbo Etitiiilbritw 
Coii«taait for tho 6dii«i!Cl Doaatttriitioii of Oval A^* EjeporlaontAl 
oondlttono iroro ttto 9«m «• glToa in Figuro i4« Tlio opon and 
fltlod ctrolos iioro «lt« MBO sisoifioaneo* 
9««n tn Figure 13« ttio oliservftd tot^trattire dopen^eiioe Qt vQuili* 
brltssi oonttont at different Gito.nci ooBoentration i s aoourately 
deseribed liy equation iS* flie •alues of tlio ooeffioiente ore 
l is ted in Table III and seen to be independent of Odn«ECl eonoen* 
tration* 
4* (Hianflfe in nntbalnyi^ Entronr iwd Free EnerB^ for Penaturation. 
Froa the temperature dependenoe of ECy l^e change in entbalpyy 
A HI for tite Gdn.llCt induoed transition of Otrol A^ was oaloulated 
b7 tile belp of Sanations iO enA 30^ 
> i / f / p a 
^ H w a £'^ • CT^ • DT^JTt (20) 
ifhore R i s gas constant aqtial to i.9873 oai laole*^ ^6^^$ «»d T i s 
tenperatnre in \» Sinoe denataration dots not involve any obonge 
in the nuaiber of protein taoleonlos* apart froai tbe of feat of non* 
ideality^ tbe tberModynaMio paraneters AH, eto», are independent 
of eoaoentration onit* Uttewisey tlie entropy obsngOf A St for 
denaturation i s given by tbe following equation^ 
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Tho free enorgr ohangQf AQ^ vifytoh i s *aflnS., i s eaipresaod by the 
retation* 
-(^  6 » li /*AT • 0 • C? • Of^J" (23) 
1!hQ teoperoture depoitddtioQ of the ttioxmodssrnanio inarewsters 
A 0^ A S cmd AO for Gdn.flCI trcmsltloa of Oval A^ I s aoploto(3 
In Pigwro 10, m& ottrvoa wero ooiaj>«tod lijr Cquotioaa 20, 31 and 33, 
tinlas vfilnea of the ooofflotontd glvon^ l a fot>to 2ZI» 011^ deorodso 
in tomperattsro ttio volaos of A H una A s <3ooroaaod, 4t lows^ r 
totaporatmro, tho etirvatiir© In tlio plot of AG verotts r loc^s to 
on Invoreion In tbo tos^ioratiiro dopoisdenoo of AG» At %UQ polat 
of inversion tlio follotdng rotation lo ol^tolaodiy 
• ^ A G \ 
••'""r-n. . . • . • . .< .1 j m AB a Q (33) 
Th© irnlu0 of A S la aoro aoar 1* wUioh ropresonto tho temporaturo 
of siairiisusi Bt^MtitFt \ivm* 
9* 'mo Ho^t Capao^ty Cl^ ffn^ e^  
Tho Tatuo of ttio ehimgo in hoat oe^aolty* Cp» o<m be 
oalonlated by the heli9 of tho equatloat 
-A Cp» (34) 









rigur« 16, Th© ToB^eratur* depondeno* of ^ Ut /^  S aitd 
A 0 for Qdo.nci nonatuTAtlon of oval ^ , The solid ounras for 
A 1! and C. n vara drann aooording to Equations 30 aad ZU 
ratipeotlvaly* Tha brokaii ounra for A G waa dram aooording to 
Eqaatlon 32* 
'Hitisy from Eqttatioii 33 i t follons tliatt 
LitCG th@ theraial denataraUon of ohyisiotirsriioinogen and riboiittoloasd 
(8d|8C^) ^0|» does not toeot to bo tndoiioitdoiit of toa^eraturo* 'nio 
toiaporaturo dopoadsneo emy very well i>e ascribed to tlie unoartalat^ 
iavolved la the esrtrapolatioii of tlie data* Fttrttter» the oalotilated 
i^altio of ^ Cp i s very aeasitive to the eaperiaontal unoertaiatsr* 
We bave» tbereforot oaloulated the average value of ^ Cp in the 
ten^erature range iS - 33®» and ^ e value of ^ Cp ooaes out to 
be 3tfOO eel mole deg**. 
?« S^inetioe of Henatiiration mud Reaaturation 
'Rie roetilte on Hie kinetiee of denaturation and renaturatlon 
obeyed f i r s t onier Idlnetios imder variotis oonditlons of Gdn«aci 
oonoentratloni pB and teraperatnre* 1%ie representative data are 
ehonn in Figure 9« The slope of suob a plot yielded an e^pareat 
f i r s t order rate eonstsa^tf k-n,..* **^  plot of log U versnsi log C 
in shown in Figure i7» sftere open and f i l l ed oiroles represent 
resul ts froB denaturation and renatttration escperiaentsy respeotively# 
I t i s evident froa Figure iT that open and f i l l ed oire les fa l l on 
the sane stMioth otirve* This suggests that the saiae valtie of k.^^ 
app 
at a given denaturant ooneentratian will be obtained regardless of 
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Ftioro i7« Th« Dopondtao* of th« Apparent ii&te Constant 
<m O .^HOl Coneantratieoi, Escperlaental eoaditioast feiaperataro 
m^f pH f^o^ ofien and filled oiroloa rapreaeat raaulta from 
daaataratioa end ranatnratton aacp«rinaats» raspeativaly* 
IV, DI3CU9SI0:I 
A* Isottienial Deaaturatloii 
Tbo in t r i a s io visooaity of tlio native oval As was aioasurea 
to b0 3.0 oo/@ ifliicit I s oomparal}lo to t&te rop9rto4 valixos (4*0 -
4.3 oe/g) for tho ^ o l o ovQll)tmln, Farther, tho in t r i aa io visooslti ' 
of Ovot .1- l i e s In the roas© 3 - 4 co/g ©atpootod for globular 
protein® (03), Tho vlsoosity datai thoroforo, suggost that ttio 
t^drodynoislo VOIIMO of Oval A^  l a Idontloal to tbat of ovQlbiJualn, 
and that tho protein moleoulo I s oosspaot and globular* 
mo Intr lnslo vlsoosl t les of )vai h^ iiitb dilsulphidie bond 
intact and rodooed in 6 M Gdn»rtCl wore doteriained a t 39^ and wero 
27 imd 31 Qo/s» rospootlvelr, fiio in t r lns io v i s o o a i ^ of reduoed 
^val \^ in 3 M Gdn»HCl was the saao as oan be predicted W e»pirloal 
equations (43,58) doaorlbing tbe moleoular t?eii;ht dependonoe of 
in t r lns io visooait les of randomly coiled proteins in 6 ^ Gdn.ECl 
solution. I t , tberafore, follows that Oval A^^ behoves as a l inear 
randoa ooll in 0 si Gdn.HCl plus ^ «Beroaptoethaaol, and that the 
hydrodjmanio voluoes of reduced and onreduoed Oval A. in 6 lA Gdn.aci 
are not very different. The l a t t e r s i tnat ion would arise i f the 
disnlphide bond involves the projcii^al oysteine residues. The 
1/ J 
dlfferenoe speotral resu l t saggosts an oxt«)iislv8 poriturbatlon of 
the spaotra of aronatio aaioo aold residuea part ioularly pbaoQrl* 
alanine and tyroslno reaidtiosp produoad Dgr tba Qd!i«H01 taduead 
tmf aiding. 
The denataration eseporlments por^orood by reduoad vtocoslt^r 
and differanoa speotral oaaattreisants snggaatad tliat the Gdn.HCl 
Indnaad transit ion of Oval A^ i s eaoplate a t 4*3 M Gda,I}Cl. As 
ostsaoted, tha rodaeed visaasity a t 4*5 'i Gdn.UCl oorraapoads ta an 
In t r i a s ia viaooBtty of 37 eo/g oMoIi i s tlio value abaervad in 
0 *i Gdn«n€l* I t i s of Intarast to raaal l tbo prai^ioua atadios of 
Sohalloan £ t ^ , (72) and nolt and Craotli (44) tstio faund t&at 
ovalburalQ van ooopletaly danatarod by Gdn.nci oonoontration beyond 
4 ^!. 
1, Pepanfleaeo of the Oaailibrima Canatfmt an Gdn.HCl ^ t i v j t y . 
The oquilibriuia oonatant for the Gdn»llCl danattiratioa of 
Oval A| depends on the denaturaat eonoantrationt the aquilibriuia 
oenstant variea with e i ^ t h po«or of Gdn.ECl otntoantratian. fha 
Gdn.Ttci daaaturation of ether prateina (98) i s tcno«a to ahow 
atrottgar dapendanoa on Gdn.lfCl oonaantration* More axaet relat ion 
dasoribing this dependenoa i^ould involve aat ivi ty of Qdn.aci, a.* 
6 
instead af oaaoaatration* Follotring Wyaon (90,91)^ the depondanoa 
of VC on a will be desoribad in taraa of the binding of the dena* 
ttirant to Oval A^ by the help of the relat ion 
gBt- . A1) ^, (M) 
nhere ^^ » roproseats the diff«roiiO0 in the ntnabor of Oda.nci 
bofsid to tHo aoaatitrod <«id native fortaa of Oval A^ .^ f!io iraiiie of 
A I ) - tme oois|iut©d to bo 0, For other protoiao ^'^ s rougbljr 
oorrelatos tritli obain loagtb (92)* mo value of ^1) for Oval A ,^ 
on tho otbor hmA, i s tbe saao aa tbat reportod for o/tootiroaie a (97) 
i9!toso obain longth i s aboat one-third of that of Oval A., I t aboaia . 
b@ noted that Qguation i4 would doaoribo ttto affect of Gdn.llOl on 
denatnration o^tiilibrio in a oompletoly general woy so long as th& 
^uitivities of 6dn»aci and t?ater are indopendentlr variable* Sut 
tbis i s not true* Protein aoleonles are bydrated to diffei^nt 
extents in the native end denatared states* fboreforei tbe termt 
dlnK/dlaa t would yield a value for ttui preferentitil binding of 
Gdn.HCl whiob will be less in prosenoe of pronoooood water binding* 
I t i s to bo noted that the eonoeatration dependenee of the eqai l i -
britiia eonstant i« nest appropriately desoribed by Equation i4 wbiefii 
yields 13 for the value of ^ n* IMs would istply tbat the deaa* 
tured Oval A^ binds i3 noleeules of Gdn*HCl nore than the native 
fom* 
The present data tm Gto.HCl denaturation of Oval A^ as well 
as those available in the literature do not indioate unequivoeally 
-.7 
the nature of tbe blading s i t e s tm the protein raolooule* FTCNB 
solubil i ty studief? of model oos^iounde suoii as aoetrltetraglyoine 
e t i^ l estery Robinson loid JenoTif? (94) oonoluded that Gdi}«CI01 mole"* 
onles ivore bound to tbo peptide groupa* Tho nucaber of tbe peptide 
groups of Oral A^  wliiob would bind one moleoulo of Qdn«UCt will be 
ebout 30* Tills fi^peare to be unli!iC0ly« Sinoe nromatio oiaino i^ids 
aro Qore soluble in (lda«HCl solaticm (D9)f i t i s possible t&at 
oromatio ai^ iino ooid rosidues msy offer binding s i t es for tlM» 4eaa* 
ttir«mt» fliis W iQ|>lioatiOQ xsouia o^an tbaty <m deaaturation» 
13 s i t e s beoQSio available on tbo unfolded Oval A., idlest of l^o 
newly esposod blndins s i t es <m tlio denatured Oval A^ oould be 
tyrosine rosidoos sinoe a l l the tyrosine rosidues are inaooosslble 
to solvent in tbe native state (iSKiO)* 
3. The s t ab i l i t y of Hatl^ ve Oval A^  in tbo Abqenoe of Gda.llUl. 
The value of log K oirtri^olated to siero aotivity of Odn.ilCl 
aooording to equation 14 ooiaos out to be «4»34 nbioh eorresponds to 
a value of e Eeal/iaolo for ^ ^g o ** ^ ^ ' Thus, tbe native s ta te 
3 
of Oval A^  i s favoured over the denatured state only by 6 Saal/niole« 
I t should be oRiphasieed that several studies on ^iroteln denaturation 
suggest that the native protein oonforoatlon i s only narglnally aore 
stable than the denatured form (36)* Considerable part of the 
ins tab i l i ty oooes fron the large oonforaational entropy nhioh «T>uld 
s tabi l ize the disordered or denatured protein oonfomation. 
bt 
Prom ttt0 rotttlts of Flgur« ily I t i s clear that aeoroase in 
pn favotura tha Odn.noi induoed trenaition of 0<ral A^ » Pron tiia pB 
dafienaenoa of the a^tiilibritiiii Qoiiataiit» i t was possiMe to ooaoliide 
that at loaat ono oax^oKyl group hod a diffarent pE valae in the 
nativo and donatured otataa* Siaoe a oon^loto onallyaia of tho data 
aocording to Bqoation le oonld aot he aohlovedi tha tmoquivooal 
sotntiosi for tho oarboatjrl group in iittoatioa oould not ho Giado, 
B# gffaet of ToBBierattira on Deoatttratloa 
That Inoroaga in te^eratore favours ddn.HCl denatoratlon of 
Oval A^ ia ovidant froia Pigttra i4« As aspaotedf tho transition 
toeiparatiira ntm lomr at higher (ldn«ilCl ootKJontration. fho thermal 
transition of Oval A^ was found to ha revaraihla and involved ono 
step at different Cdn.llOl ooaocmtrationa used in those atadies* 
Oval A^  i s resistant to heat up to 50^ (aao Figure id) . The of foot 
of temperature on the denaturatlon appears to be cooperative* 
The values of ^ H and ^ s for Gdn.iICl denaturation of 
Oval A^  showed toileratnre dependence as shofm in iPigure iO* Frosi 
the least squares aaalrsis of the data of Figure 15t the values of 
^ n and ^ 3 were conpnted by Equations 20 and ai» and are l isted 
in Table IV which also oontains thl» values of ^^^g^§ ^ ^ and ^ Cp* 
The entropjr of denaturation arises prinarilsr from ( i ) change 
in conforMational entropy as well as fro« ( i i ) the ohaage in hydro* 
\J 
cawmtsm OP TUG VMASES OP ^ G, ^ «» ^ s, /^ Cp {MJL AT SS**) 
Mm 1* . . POR Oval A* mm woss pon omeii paoiciHs 
4 0 ^ U J 3 
f>rQtetii» Reaotion (Soal molo**) (Koal ^4) («•«) (cal ^^) aex 
Rlbonuoloasof 
1.4 4T iS9 3CKKI - 9 
3,1 M G<lii,rici, <» O»0 Bl 110 1800 8 
1 « Oda.HCl , 
pH T.O^ 
no 3S 49 1375 13 
Cliymo tfypst nogoa, 
tli«riaal traii«l- T,8 
t lont pH i , a i i ! 01* 
"Mjroglobliii tluirttal ^^ . 
transit ion, pfl 9,0 ^^'^ 
^•Laotogloblnt 5 M 
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phoMo «ld« ohoin during tlie tuifoliling eaEposuro* The Goatribtttion 
from the {i> la posiUvo at a l l teaperattiresy n^ereas ttie eo»tri«» 
bution fros tbe (11) Slay be nogatlire at lover testerature anil 
beooi»99 positive aa the tenperature ia raised* At the too^erature 
of masimma stabilltsri i«e»» '^max ^^ ® ^^ '^  aontrlhationa halaooe each 
other 90 that ^ S heooraee zero. Ifee iralue of '^max* ****'®t f«>Mnd 
i s sear i** ivhloh i s similar to that of iai3r(>glohiii« 
fhe ohfiKige ia enthalpy at 29^ for protein denattirationa has 
been reported to be -21 - 4? Soal/eiolei the value of '^  li for the 
Gdn»HCl donaturation of Oval A^  io about $3 fCoal/solo* Thusi the 
(M&n^nGl denaturatlon of Oval A. e^pears to be highly endothormie 
prooessf the value of ^ H i s more positive thou those hitherto 
reported for protein denaturations (seo Table XV)« The Gdn«llCl 
transition of Oval A* i s aoooiapanied by a relatively large ohange 
in entropyf the entropy of the prodaot of donaturatloa being laore 
positive than that for the native state. Lilce other protein dena-
turations reported so far, the aast strildng feature of the €rdn,HCi 
denaturation of oval A|^  i s the large and positive ^ Cp* The 
values of ^ B are soaetines positive and sonetiaes negative, the 
positive A cp arises beeause of the unfavourable oontaots of 
l^drophobio raoieties to the aqueous solvent* The ordering of the 
water tBOleoutes about hydrophobia groups Is sensitive to heat and 
i t i s this sensitivity utiloh i s responsible for the large anosialous 
heat oapaoity« This contention i s supported by the elegant studies 
by Sdsall (93)» Bohon and Claussen (99) and by Dunn and oo-<workers 
(100,iOi)« One of the oonsequeno^of large and positive ^ Cp i s 
i J. 
to n«^6 ^ B and ^ S stronglr dopeadent on tei^ierature* At 
lotr tdinporatum tbo onleriiig of teator aolooulos about iiozi«polar 
groiiDs fTOuld involve a small doorooao la enthalpy and rolat ively 
larga nagatlva ontropy (102)« The value of ^ Cp tsill tend to 
nalCQ both ^ H mid ^ s more pooitive tdth inoreaae in to£Eq^ ora«-
tiire. Finally i t should be noted that ^ Cp for Odn.OCl denatu** 
rat ion of oval A^  depends aome^at on toiaperature a« revealed by 
oomputer floalyi^lji of the data on toileraturo dopendenoe of HI* For 
esramplo, the value of ^ Cp computed froa Equation 39 a t 39'' i e 
3,700 cal jolo deg whioh inoroaaes to 4tt(K> cal aolo deg 
at S5**. nuoh positive depondenoo of ^ Cp has boon noted for other 
protein denaturation ae well (33,89)* I t should, however, be noted 
that the positive te&^erature dependenoe of ^ Cp noticed in th is 
nivkity oan very well be at tr ibuted to the osperimontal unoertaln^« 
Thus, the value of ^ Cp varies from the average value (a,TOO 
oal nolo deg ) by iO^ in the tei^orature range 15««a®**# fhls 
variation i s tmderstandable in view of the faot that ^ Cp i s the 
seoond derivative of equilibriiia oonstant and even a saall uneer* 
tainty in the determination of % in expected to be magnified in the 
estimated value of A Cp« 
C. Nineties of Oenaturation and Uenaturatitm 
Hesutts on the tcinetios of Grdn.HCl denaturation of oval A^ 
suggested that the transit ion was reversible and involved one step 
-:?«-
AS sliown hy the following disotistion, THB plot of l a / 7 ~ 7^^^^ 
yergug t / t 0,5 was l inear in tho Gda*nci oonoontrotion rongo 
1,8 » a«i H at 39^« ftie oan.HCl d«iiataration of Oval A. a t otbor 
totsporaturoof ncuaolfp 15| 35 ana 43^ fottonoil a f i r s t ordor 
icinotios* "The voluoo ot '^^ oxtrapolatoa to t « 0 for forward and 
rororae reaotions wiro the same as tiaoae for tHo natiro and dona* 
tarod s t a tes , Partner, tli® valno of ^ ^ oxtrapolated to t »oc 
was identieal to that found during the isothermal donaturatitm of 
Oval A^ (see t^igure 0 ) , Purthersiorof the rate oonatants for the 
forward mi& rovers© roaotlons dopend rather stroasly on Odn«ilCl 
oonoontration* 
I t should he noted that tho Icinetio study of Sohellraon ^t ^1» 
(7a) suggested higher order for tho denatnration of Ovalhumin, 
This oan ho attrlhuted to the following, P i r s t t tho ovalhosiia 
preparation used hy Sohellmon ^ ^ , was of questionahlo purity* 
Seeond, since tsholo ovalhuoln oontains three oon^onents* naeiely» 
A^, AQ and Ag, the l a t t e r may imdergo denaturation in an independent 
fashion. Third, the oonoentration used in their study vaa i^out 
3*fold higher than that on^loyed in this study* Finallyi as evident 
fron the soluhil i ty hohavioar in Odn.nci, Oval A^ i s different from 
the whole ovalhumin, the l a t t e r was insoluhle helow 2 U Gdn.HCl 
while the forasr oonld he dissolved in as low Cldn»lICl oonoentration 
as 0,a M, 
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